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ABSTRACT
Study of Eocene - Oligocene sediments in Alabama and 
Upper Cretaceous strata in New Mexico shows that organic 
facies deposited on the shelf change noticeably at surfaces 
associated with transgression of the shoreline. Organic 
matter in sediments below transgressive surfaces is 
dominated by well preserved terrestrial organic matter 
(phytoclasts) whereas sediments deposited on the shelf 
during transgression contain sparse, highly degraded 
phytoclasts. Shelf deposits associated with transgressions 
generally contain more hydrogen-rich organic matter than 
those deposited during regression. Sediments associated 
with starvation surfaces contain abundant amorphous non­
structured protistoclasts and rare, highly degraded 
phytoclasts. Well preserved phytoclasts increase in 
abundance in sediments overlying the starved intervals.
These results suggest that the type and preservation of 
organic matter is related to the rate of terrigenous 
sediment supply to the shelf.
Variations in the amount and type of organic matter 
preserved in shelf sediments are predictable within a 
sequence stratigraphic framework. Each depositional systems 
tract has a distinctive depositional style that affects the 
amount of terrigenous influx and, consequently, the type and 
preservation of organic matter. Fine-grained marine 
sediments in transgressive systems tracts possess high total 
organic carbon and yield relatively high amounts of 
hydrocarbons during pyrolysis. Petrographically, this 
organic matter is composed primarily of amorphous non-
xiii
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structured protistoclasts. Phytoclasts in the transgressive 
systems tract are highly degraded. In contrast, marine 
depositional systems of both the lowstand and highstand 
systems tracts contain less total organic carbon and yield 
less pyrolyzable hydrocarbons. Petrographic analysis of 
organic matter in these rocks reveals abundant macerals of 
terrestrial origin. Phytoclasts in the lowstand systems 
tract are especially well preserved.
Integration of data from characterization of organic 
matter with sedimentologic and regional stratigraphic 
information enhances resolution in locating surfaces that 
bound systems tracts within the depositional sequence. 
Integration of these data not only improves systems tract 
identification in fine-grained, basinward intervals but also 
allows application of the predictive capabilities of 
sequence stratigraphy to marine petroleum source rocks. 
Results from a study of the Upper Cretaceous Mancos Shale 
indicate that optimum source rock potential is found in the 
transgressive systems tract below the downlap surface.
xiv
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Chapter 1,
INTRODUCTION
The microscopic analysis of dispersed particulate 
organic matter (POM) has gained widespread acceptance as a 
reliable means of assessing the petroleum source potential 
and thermal maturity of rocks in sedimentary basins.
Numerous studies, using various classifications of organic 
matter, indicate that a relationship exists between POM and 
petroleum source potential (e.g. Burgess, 1974; Dow, 1977; 
Teichmuller and Wolf, 1977; Robert, 1981; Mukhopadhyay et 
al., 1985; Senftle et al.. 1987). Thermal maturity 
measurements in the form of vitrinite reflectance and 
transmitted color are routine in petroleum source rock 
evaluation (Staplin, 1969; Bostick, 1971; 1974; Castano and 
Sparks, 1974; Dow, 1977; Peters et al.. 1977; Tissot and 
Welte, 1978; Hunt, 1979; Dow and O'Connor, 1982; Saxby,
1982; Stach et al.. 1982; Pearson, 1984; Waples, 1985).
Organic petrology is useful in sedimentologic 
interpretations and the concept of organic facies and how 
they relate to lithofacies is important in this regard. The 
definition of organic facies as presented by Jones (1987) is 
most useful because this definition emphasizes the 
similarity of organic facies to lithofacies and biofacies as 
mappable stratigraphic units that are distinguished by the 
composition of their constituent organic matter. Maceral 
facies are characterized by the distribution of POM in a 
rock unit just as palynofacies are based on the distribution 
of palynomorphs (whole fossils). Both maceral facies and 
palynofacies can be regarded as subsets of organic facies
1
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2(Jones, 1987; Tyson, 1987). Several workers have shown that 
both maceral facies and palynofacies provide valuable 
information concerning paleoenvironmental conditions 
(Summerhayes, 1981; Wrenn and Beckman, 1981; Habib, 1982; 
Rullkotter and Mukhopadhyay, 1986; Tyson, 1987; Lenoir and 
Hart, 1988; Habib and Miller, 1989; Hart et al.. 1989; 
Crumiere et al.. 1990; Ganz et al.. 1990; Stein and Littke, 
1990). A relationship between maceral assemblage and 
depositional facies has been discerned in studies of modem 
depositional environments (Darby and Hart, in press; Hart, 
in press) and this work has led to the development of 
maceral facies models that share many similarities to more 
conventional lithofacies models (Hart et al.. in press). 
Therefore, studies in both the modem and the ancient 
suggest that observations concerning the biologic origin and 
degradational state of POM can be used in paleoenvironmental 
interpretations.
Information concerning the nature of organic matter 
deposition has been used in stratigraphic studies. Many 
workers have noted the coincidence between the occurrence of 
organic-rich intervals and deposition during transgression 
of marginal and epicontinental seas (Schlanger and Jenkyns, 
1976; Hallam and Bradshaw, 1979; Demaison and Moore, 1980; 
Jenkyns, 1980; Leggett, 1980; Arthur and Silva, 1982; Rice 
and Gautier, 1983; Dow, 1984; Pratt, 1984; Arthur et al.. 
1985; 1987; 1990; de Boer, 1986; Flexer et al.. 1986; Herbin 
et_al., 1986; Jones, 1987; Summerhayes, 1987; Dean and 
Arthur, 1989; Ganz et al.. 1990; Lipson-Benitah et al..
1990; Stefani and Burchell, 1990; Crumiere et al.. 1990; 
Wignall, 1991a). Habib and Miller (1989) used palynofacies 
and maceral facies in their study of regressions and
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
3transgressions in the Upper Cretaceous strata of South 
Carolina and Georgia. Recent work has examined the 
connection between sequence stratigraphic principles and the 
deposition of organic matter and petroleum source rocks 
(Leckie et al.. 1990; Pasley and Hazel, 1990; Stefani and 
Burchell, 1990; Bohacs and Isaksen, 1991; Creaney et al.. 
1991; Pasley, 1991; Pasley et al.. 1991; Wignall, 1991b; 
Posamentier and Chamberlain, in press).
Recent improvements in sequence stratigraphy have begun 
to alleviate many of the problems associated with classical 
approaches to lithostratigraphy, especially those pertaining 
to time-rock relationships. A distinct hierarchy of 
stratigraphic units based on lithofacies and depositional 
systems has led to a stratigraphic approach that subdivides 
the rock column into genetically related packages. These 
packages are separated by physical surfaces (unconformities 
and their correlative conformities as well as flooding 
surfaces) that are perceived to have chronostratigraphic 
significance. The recognition of lithofacies as integral 
parts of larger depositional systems (Fisher and McGowen, 
1967) has certainly been of fundamental importance to this 
work. Especially useful is the depositional systems tracts 
concept that groups or links depositional systems formed 
during the same phase of sea level change into a single 
stratigraphic unit (Brown and Fisher, 1977; Van Wagoner et 
al., 1988). Each depositional systems tract exhibits a 
characteristic stacking pattern of depositional systems 
(aggradational, progradational, or retrogradational) that 
develops in response to changing rates of generation of 
accommodation space (Vail, 1987; Jervey, 1988; Posamentier 
et al.. 1988; Van Wagoner, et al.. 1988; 1990). Whether or
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
4not changes in accommodation space are primarily the result 
of eustacy, tectonics, cr a combination of factors remains 
in question (cf. Vail et al.. 1977ab; 1984; Haq et al..
1987; Posamentier and Vail, 1988, Aubry, 1991; Bond and 
Kominz, 1991; Jordan and Flemings, 1991; Reynolds et al.. 
1991; Sloss, 1991). Nonetheless, stacking of depositional 
systems is initially progradational and becomes more 
aggradational in the lowstand systems tract. The 
transgressive systems tract is characterized by an overall 
retrogradational (or backstepping) stacking pattern and the 
subsequent highstand systems tract is characterized by a 
stacking of depositional systems that is initially 
aggradational but becomes dominantly progradational. 
Recognition of these stacking patterns on well logs 
(especially gamma ray logs) provides the foundation for 
regional sequence stratigraphic interpretations at scales 
below the limit of seismic resolution (Vail, 1990; Vail and 
Womardt, 1990; Van Wagoner et al.. 1990).
The fundamental unit in sequence stratigraphy, the 
depositional sequence, links all the systems tracts formed 
by one complete cycle of rise and fall of sea level. These 
sequences are bounded by unconformities or, in a basinward 
direction, by correlative conformities (Vail et al.. 1984,; 
Haq et al.. 1987; Vail, 1987; Van Wagoner et al.. 1988; 
Christie-Blick, 1991). The internal arrangement of systems 
tracts and their bounding surfaces within a depositional 
sequence is shown in the sequence stratigraphic model of 
Figure 1. Conceptually, this approach to stratigraphy leads 
to better correlations, more accurate predictions concerning 
the architecture of basin fill, and a more process-oriented 
integration of various data sets.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
5EXPLANATION 
IH i l  FLUVIAL AND COASTAL PLAIN 
r~~1 SHOREFACc AND DELTAIC 
I 1 SHELF AND SLOPE 
^ • 3  SUBMARINE "FAN*
INTERVAL OF 
SEDIMENT STARVATION
SUBAERIAL HIATUS
-DISTANCE
FIGURE 1. Schematic sequence stratigraphic diagrams as 
presented by Christie-Blick (1991). Figure was 
modified from the original by Vail (1987). Vertical 
dimensions are depth (A) and time (B) with 
basinward direction to the right in both diagrams. 
Note internal arrangement of systems tracts 
(SMST - shelf margin, HST - highstand, TST - 
transgressive, LST - lowstand) and their 
bounding surfaces (sb - sequence boundary, 
ts - transgressive surface, iss - interval of 
sediment starvation) within the depositional 
sequence. Interval of sediment starvation 
contains the downlap surface which forms the 
boundary between the transgressive and the 
highstand systems tract Other abbreviations 
are: iv - incised valley; sf - slope fan; bff - 
basin floor fan.
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6OBJECTIVES OF STUDY
Integration of data from the characterization of 
organic matter with concepts from sequence stratigraphy is 
the overall objective of this project. Towards this goal, 
three specific objectives are addressed:
1). Document and interpret the changes in both 
organic matter type and preservation that 
occur in shelf sediments associated with 
regional transgression of the shoreline.
2). Document the relationship between organic 
matter characteristics and position within 
the depositional sequence to determine if 
organic matter variations are predictable 
within a sequence stratigraphic framework.
3). Discuss the implications of this 
relationship to an integrated approach to 
sequence stratigraphy and to the 
prediction of marine petroleum source rocks.
Scope of Study
The present study is primarily concerned with organic 
facies variations on the continental shelf or epicontinental 
seaway and how they relate to the sequence stratigraphy of 
those sediments. Although routine petroleum source rock 
data are employed, the objectives of this study require that 
both source and non-source intervals be sampled and studied. 
As a result, the scope of this study encompasses both source 
and non-source intervals. The samples used are from both a 
predominantly clastic depositional setting (Upper Cretaceous 
of San Juan Basin) and a mixed clastic and carbonate 
environment (Eocene - Oligocene of Alabama).
LOCATION OF STUDY AREAS
Two different geologic settings were chosen for study 
because they provide good examples of changing depositional
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
7conditions in shelf and shallow marine settings.
Eocene - Oligocene strata exposed at St. Stephens 
Quarry along the Tombigbee River in Washington County, 
Alabama (Figure 2) present an exceptional opportunity to 
study organic matter deposition in a sequence stratigraphic 
framework. The Eocene and Oligocene sections in western 
Alabama are some of the most extensively studied in the 
Tertiary of the Gulf Coastal Plain (e.g. Cooke, 1926; 
MacNeil, 1944; Cheetham, 1957, 1963; Murray, 1961; DeBoo, 
1965; Glawe, 1969; Hazel et al.. 1980; Mancini and Copeland, 
1986; Mancini and Tew, 1988; Mancini et al.. 1989). 
Biostratigraphically, the section at St. Stephens Quarry is 
important because it contains the Eocene - Oligocene 
(Priabonian - Rupelian) boundary as well as the Jacksonian - 
Vicksburgian provincial stage boundary (Mancini, 1979;
Waters and Mancini, 1982; Loutit et al.. 1983; Keller, 1985; 
Mancini and Waters, 1986; Mancini and Tew, 1988). Recently, 
sequence stratigraphic principles were applied to the rocks 
exposed at St. Stephens Quarry (Mancini et al.. 1987; Baum 
and Vail, 1988; Loutit et al.. 1988; Mancini and Tew, 1988; 
Pasley and Hazel, 1990).
The Eocene - Oligocene rocks exposed at St. Stephens 
Quarry are typically fine-grained and calcareous and were 
deposited in shelf environments that received varying 
amounts of terrigenous input. Paleobathymetric studies have 
indicated that depositional environments ranged from inner 
to outer neritic (MacNeil, 1944; Murray, 1961; Hazel et al.. 
1980; Loutit et al.. 1983; 1988; Baum and Vail, 1988). 
Because the main depocenter for Jackson and Vicksburg 
sediments was in Louisiana and Texas, the uppermost Eocene 
and lowermost Oligocene rocks of southwestern Alabama are
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9located in a region that was transitional between thick, 
predominantly clastic accumulations in the west and 
carbonate deposition to the east (MacNeil, 1944; Murray,
1961; Huddlestun and Toulmin, 1965; Galloway, 1989).
The second region of study was located in the San Juan 
Basin of northwestern New Mexico and southwestern Colorado 
(Figure 3). This basin was the site of thick (>1500 meters) 
accumulation of predominantly clastic sediments in the 
Western Interior Seaway during the Late Cretaceous.
Sediments were deposited in multiple transgressive and 
regressive cycles which resulted in the intertonguing of 
non-marine and marine rocks (Pike, 1947; Molenaar, 1983; 
Kauffman, 1985; 1988). Sequence stratigraphic principles 
have been recently applied to these deposits with particular 
emphasis on the Tocito Sandstone - Mancos Shale interval 
(Nummedal et al.. 1988; 1989ab; Nummedal, 1990; Riley and 
Nummedal, 1989; 1991; Valasek, 1991).
Shelf sediments from the Upper Cretaceous of the San 
Juan Basin were sampled at four locations (Figure 4). 
Conventional cores were obtained from the Bisti oil field 
and from two wells (Union Texas Petroleum Company Newsom A3E 
(A20) and Angel Peak B#37) located in a basinward position. 
Outcrop samples were collected at the Hogback oil field.
METHODOLOGY
Lithostratiqraphv and Sampling
Initial field work consisted of sampling and 
description of measured sections in the north quarry of St. 
Stephens Quarry, Alabama and at various locations within the 
San Juan Basin. Cores were described and observations such
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as grain size, fossil content, sedimentary structures, 
ichnogenera and ichnofabric (see Droser and Bottjer, 1986), 
and presence of certain minerals (phosphate, glauconite, or 
pyrite) were recorded. After measurement and description of 
the outcrop exposures and cores were completed, comparison 
to previous work on the lithostratigraphy of the individual 
sections was performed (MacNeil, 1944; Murray, 1961; 
Molenaar, 1983; 1989; Mancini and Copeland, 1986; Mancini 
and Tew, 1988; Mancini et_al., 1989). Regional stratigraphy 
was studied using well log cross-sections (R. Bottjer, 
written communication; McCubbin, 1969; Bergsohn, 1988; 
Molenaar, 1989; Coleman, 1990; Dockery, 1990; and Appendix 
A).
A total of 237 samples were collected and analyzed 
during the course of this study; St. Stephens - 25, Bisti 
oil field - 15, Hogback oil field - 7, Newsom core - 74, and 
Angel Peak core - 116. The samples from the Newsom and 
Angel Peak cores were collected at intervals of less than 3 
meters and were much more closely spaced ( 5 - 7 5  cm) at 
obvious lithologic changes.
Maceral Analysis
Particulate organic matter in both the core and outcrop 
samples was studied using transmitted light microscopy. 
Samples were demineralized in successive treatments with HCl 
and HF and the insoluble residues were mounted on microscope 
slides. Sample preparation follows standard palynological 
procedure (Barss and Williams, 1973) but did not include 
oxidation or heavy liquid separation.
Macerals were classified according to the scheme 
presented by Hart (1986) and modified by Darby and Hart (in 
press). This classification emphasizes the biologic origin
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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and preservational state of macerals and is summarized in 
Table 1. Transmitted white light (light containing 
wavelengths from a considerable portion of the visible 
spectrum) was used to examine the macerals. An important 
addition to this method was the use of blue light to 
evaluate the fluorescent intensity of the macerals. 
Fluorescence microscopy was performed using an Olympus Vanox 
microscope equipped with a high pressure mercury arc lamp, 
BG-12 excitation filter, DM500 dichromatic mirror, and an 0- 
515 barrier filter. This filter configuration uses blue 
light (that part of the spectrum from 405 nm to 490 nm) to 
excite the macerals and allows fluorescence in the visible 
portion of the spectrum greater than 515 nm to be observed.
The point counting procedure consisted of three parts: 
(1) identification of the maceral with the system summarized 
in Table 1, (2) assessment of transmitted color of the 
maceral in white light using the scale presented by Pearson 
(1984), and (3) after switching to blue light, estimation of 
the fluorescent intensity of the maceral using the ordinal 
scale: 0 (no fluorescence), 1 (weak fluorescence), 2
(moderate fluorescence), 3 (strong fluorescence), and 4 
(very strong fluorescence). A total of 150 macerals were 
counted from each sample and data are expressed in 
percentages. The presence of outcrop weathering at the 
Hogback oil field and St. Stephens Quarry and increased 
thermal maturity in the Angel Peak and Newsom cores 
precluded estimation of fluorescent intensities in all but 
the samples from Bisti oil field.
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TABLE 1. Summary of maceral classification which emphasizes biologic origin and preservational state. 
System originally described by Hart (1986) and modified by Darby and Hart (in press).
BIOLOGIC ORIGIN
POORLY
PRESERVED
WELL
PRESERVED
IU
s -
CO 
-J
<  —z
o  in f e s t e d
<>
DC
in
co
UJ
DC
CL
AMORPHOUS
STRUCTURED
AMORPHOUS
NON­
STRUCTURED
PHYTOCLAST
Angular in outline with 
good structural framework 
and internal cell structure. 
Evidence for bacterial or 
fungal attack Is absent or 
sparse.
Angular outline with good 
structural framework and 
internal cell structure. 
Initial stages of fungal 
attack on cell walls and 
bacterial scarring.
Angular In outline with 
structural framework 
obvious. Cell walls highly 
disrupted by fugal attack 
and infestation by fungal 
hyphae present._______
Angular In outline and gen 
eral structural framework 
present. Cell walls almost 
completely destroyed. 
Bacterial and fungal attack 
in advanced stages.
Blocky outline with no 
structural framework. No 
cell walls present. Fungal 
and bacterial attack not 
obvious because whole 
mass Is amorphous.
Also: Inertinite 
Well Preserved Sporinite 
Poorly Preserved Sporinite
PROTISTOCLAST
Cell outline distinct and 
all characteristics of algal 
or protozoan cell are 
present. No fungal or bac­
terial attack. Cell contents 
may be preserved. *
Cell outline distinct and 
characteristics of algal 
or protozoan cell are 
present. Bacterial attack 
evident but fungal 
degradation rare. *____
Ceil outline distinct and 
characteristics of algal 
or protozoan cell are 
present. Bacterial attack 
advanced and fungal 
infestation present. **
Cell outline and evidenco 
of protist origin only faintly 
preserved. Bacterial pit­
ting and scarring total. 
Evidence of fungal infes­
tation may be present. *‘
Cell outline and structural 
framework absent. 
Maceral recognized by 
fluffy" or "doudlike" 
gross outline.
Also: Dinocysts
Microforams
SCLERATOCLAST
Cell outline and structural 
framework distinct. 
Characteristics of fungal 
remains (hyphae. spores) 
are obvious.
Cell outline and structural 
framework distinct but 
bacterial scarring and pit­
ting present Despite 
bacterial attack, fungal 
origin obvious.
INDETERMINATE
Cell outline and structural 
framework absent. 
Contains small masses of 
fungal hyphae, fungal 
spores, and/or other 
maceral debris.
Macsrals not recognized in samples of currsnt study. Dktocyat 
oocunsnoss counted separately.
' Macerals not recognized In sample* of currant study. Not 
ortglnaNy described by Hart (1906) but added by Darby and Han 
(In press) after study of modem carbonate environments.
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Programmed Pvrolvsis
Programmed pyrolysis provided further characterization 
of the organic matter, a rapid assessment of petroleum 
source potential, and an estimate of thermal maturity and 
organic carbon content. After whole rock samples were 
ground sufficiently to pass through a 60 mesh screen, they 
were subjected to programmed pyrolysis in a Rock-Eval II 
unit with a TOC (S4) module. This procedure was performed 
on each sample twice and average values are reported. 
Parameters measured during pyrolysis include: amount of 
thermally distilled hydrocarbons (SI in mg HC/g rock), 
amount of hydrocarbons generated by pyrolytic breakdown of 
the kerogen (S2 in mg HC/g rock), amount of carbon dioxide 
produced (S3 in mg C02/g rock), hydrogen index (HI in mg 
HC/g Corg), oxygen index (01 in mg C02/g Corg), the 
temperature of maximum S2 hydrocarbon generation (Tmax in 
°C), and total organic carbon (TOC in wt.%) (see Espitalie 
et al.. 1977; Peters, 1986 for more detailed explanation). 
The pyrolysis measurements of total organic carbon (TOC) 
presented here employ different principles than those used 
in more conventional techniques (such as a LECO analyzer; 
see Wrenn and Beckman (1981) or Pratt (1984) for an example 
of this technique). Laboratory standardization and 
calibration are assumed to account for the difference 
between TOC values from programmed pyrolysis and those 
obtained from a LECO (or similar) analysis. Because outcrop 
weathering is known to have an adverse effect on pyrolysis 
data (Leythaeuser, 1973; Peters, 1986), only pyrolysis data 
from core samples were used in this study.
Discriminant Function Analysis
Because the Bisti oil field samples could be grouped
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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according to stratigraphic position with respect to the 
Tocito Sandstone in the upper Tocito interval, the results 
of maceral analysis and programmed pyrolysis for the Bisti 
samples were used in a discriminant function analysis. This 
procedure was employed to test if, based on the amount and 
type of organic matter present, the three pre-determined 
groups (below, within, and above) were internally consistent 
and statistically different from each other. Two different 
discriminant function analyses were performed. First, 
macerals were grouped according to biologic origin and 
preservation and these groups were used in the discriminant 
function. Parameters used in the first discriminant 
function were: TOC (%), HI (mg/gC), phytoclasts (well and 
poorly preserved, infested, well and poorly preserved 
sporinite, and inertinite in %), amorphous phytoclasts (%), 
amorphous indeterminate (%), protistoclasts (amorphous non­
structured and dinocysts in %), and scleratoclasts (%). The 
second discriminant function analysis performed on the Bisti 
data used fluorescence intensity levels of the various 
macerals in conjunction with TOC and HI measurements. 
Parameters used in this analysis were: TOC (%), HI (mg/gC), 
non-fluorescent (%), weak fluorescence (%), moderate 
fluorescence (%), strong fluorescence (%), and very strong 
fluorescence (%).
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
Chapter 2.
STRATIGRAPHIC FRAMEWORK
SAN JUAN BASIN. NEW MEXICO
Samples obtained from cores at Bisti oil field, from 
the Newsom A3E (A20) well, and from the Angel Peak B#37 well 
(Figure 4) were studied in detail and the intervals 
represented by these cores are shown in the generalized 
lithostratigraphic diagram of Figure 5. These rocks range 
from latest Cenomanian Age to earliest Santonian Age (Figure 
6) and were deposited in the offshore marine, shelf 
environments that were present at that time in the 
Cretaceous Western Interior Seaway (Molenaar, 1983; Nummedal 
et al., 1989b).
Much of the recent work in the San Juan Basin has been 
concerned with the facies architecture and sequence 
stratigraphy of the Gallup Sandstone, Tocito Sandstone, and 
Mulatto Tongue of the Mancos Shale (Bergsohn, 1988; Nummedal 
et al.. 1988; 1989ab; Nummedal, 1990; Riley and Nummedal, 
1989; 1991; Valasek, 1991). These studies have suggested 
that the base of the Tocito Sandstone is a transgressive 
surface. Sediments below this surface coarsen upward 
slightly, exhibit an aggradational stacking pattern on well 
logs, and are thought to represent deposits in the lowstand 
systems tract. Initial sedimentation in the transgressive 
systems tract consisted of transgressive reworking of older 
shoreface and shelf deposits into linear, tidal shelf 
sandstone ridges (Nummedal et al.. 1988; 1989ab; Riley and 
Nummedal, 1989; 1991). Continued transgression and 
cessation of the reworking of coarse-grained material
17
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resulted in the deposition of the fine-grained Mulatto 
Tongue of the Mancos Shale over the Tocito Sandstone ridges.
Both the lithostratigraphy and a description of the 
Bisti oil field interval are presented in Figure 7. A 
summary of the lithostratigraphy and core descriptions for 
the Angel Peak and Newsom cores are presented in Figures 8 
and 9. Based on regional well log cross-sections (Molenaar, 
1989; R. Bottjer, written communication), individual Tocito 
Sandstone Lentils (see Molenaar, 1983) are found in two 
separate stratigraphic intervals in the San Juan Basin.
These stratigraphic intervals are referred to as the "upper 
Tocito interval" and the "lower Tocito interval" in Figures 
8 and 9. This nomenclature is used to distinguish between 
Tocito equivalent strata and Tocito Sandstone proper. 
Detailed lithologic descriptions for the Angel Peak and 
Newsom cores are presented in Appendix B.
Sequence Stratigraphy
The well log cross-sections presented in Appendix A 
provide a sequence stratigraphic framework for a portion of 
the Upper Cretaceous strata in the San Juan Basin of New 
Mexico. This framework is summarized for the Newsom and 
Angel Peak wells in Figures 10 and 11, respectively.
Although five depositional sequences are depicted on the 
cross-sections (Appendix A) and in Figures 10 and 11, only 
the middle three are presented herein. These three arc.- for 
the purposes of discussion, labeled Sequence A, Sequence B, 
and Sequence C on the cross-sections and in Figures 10 and 
11.
- Sequence A (Bridge Creek Ls. Member - Lower Mancos Shale) 
The lower boundary of Sequence A is recognized in the 
Angel Peak near the top of the Bridge Creek Limestone Member
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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SHALE; dark gray to black; laminated; thin 
(1 -5mm) silt laminae with some fine (100 pm) 
sand laminae; distinct lack of burrowing but some 
inoceramus fragments present
SANDSTONE; light gray to tan; 
cross-bedded with grain sizes 
ranging from 150-350 pm; 
burrowing common 
(Ophiomorpha, Skoiithos)
MUDSTONE (interbeds); light brown 
to gray; sandy and bioturbaied 
(Chondrites, Teichichnus, Planolites, 
Thalassanoides)
SILTSTONE, MUDSTONE, AND MUDDY 
SANDSTONE (interbedded); dark gray 
and light brown; burrowed and 
bioturbated (mostly Chondrites, 
Teichichnus, and Zoophycos and with 
minor Thalassinoides)
FIGURE 7. Summary of lithostratigraphy and sedimentology of Tocito - Mancos 
interval at Bisti oil field, New Mexico. Figure represents information 
compiled from Pasley etal. (1991) and Bergsohn (1988).
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FIGURE 8. Lithostratigraphy for the UTPC Angel Peak B#37 well. Well log and core data (grain
size and ich nofabric) shown. Stratigraphic information compiled from several sources 
(e.g. R. Bottjer, written communication; McCubbin, 1969; Molenaar, 1983; 1989).
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Union Texas Petroleum Co. 
' Newsom A3E (A20) 
NWSac.4-T26N.R8W  
San Juan County, NM 
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FIGURE 9. Lithostratigraphy for the UTPC Newsom A3E (A20) well. Well log and core data (grain 
size and ichnofabric) shown. Stratigraphic information compiled from several sources 
(e.g. R. Bottjer, written communication; McCubbin, 1969; Molenaar, 1983; 1989).
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FIGURE 10. Lithostratigraphy and sequence stratigraphy for the UTPC Newsom A3E (A20) well.
Sequence stratigraphic interpretation cased on well log cross sections, core descriptions, 
and published stratigraphic results. Sequences A, B, and C discussed in text
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Union Texas Petroleum Co.
Angel Peak B*37 
NESec.24-T28N.R11W  
San Juan County, NM 
K.B. 5901*
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FIGURE 11. Lithostratigraphy and sequence stratigraphy for the UTPC Angel Peak B#37 well.
Sequence stratigraphic interpretation based on well log cross sections, core descriptions, 
and published stratigraphic results. Sequences A, B, and C discussed in text
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(6,211/6”). The Bridge Creek Member (or Greenhorn 
Limestone) represents the maximum transgression in the 
Cretaceous Western Interior (Kauffman, 1977; 1985? Hancock 
and Kauffman, 1979; Pratt, 1984; Elder and Kirkland, 1985). 
Sediments in the uppermost part of the Bridge Creek display 
evidence of shallowing (higher clastic content and more 
current-formed sedimentary structures) in the Angel Peak 
core as well as in other parts of the Western Interior 
(Pratt, 1984; MacDonald and Byers, 1988). The Lower Mancos 
Shale directly above the Bridge Creek exhibits an 
aggradational stacking pattern on the well logs (Appendix A) 
and is thought to represent a lowering of relative sea level 
after the Greenhorn highstand. This lowstand systems tract 
is interpreted here to contain regressive sediments above 
the Bridge Creek described in New Mexico as (lower) R-l by 
Molenaar (1983) and in Colorado as the Fairport Shale Member 
of the Carlile by Glenister and Kauffman (1985).
A transgressive surface at 6,166 feet in the Angel Peak 
core is recognized as a change to a retrogradaticnal 
stacking pattern on the well logs. Except for an abundance 
of bentonite, pyrite, and ammonite molds, lithologic 
criteria generally associated with transgressive surfaces 
(i.e. grain size or ichnofabric change) are lacking. Updip, 
this systems tract is represented by the upper part of the 
Rio Salado Tongue of tne Mancos Shale (Figure 6 and 
Molenaar, 1983).
The boundary between the transgressive systems tract 
and the overlying highstand systems tract in this sequence 
can be seen in the Angel Peak core as a bentonitic shale 
interval. It is recognized on the well logs in a high gamma 
ray interval at the base of a progradational package. The
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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progradational portion of the Atarque Member of the Tres 
Hermanos Formation is interpreted to represent the updip 
sediments of this highstand systems tract. The upper 
boundary of Sequence A is the lower boundary of Sequence B 
and is probably equivalent to the change from progradational 
to aggradational stacking in the Atarque Member (see 
Molenaar, 1983).
- Sequence B (Lower Mancos Shale - Juana Lonea Member^
The lower boundary of Sequence B is recognized and 
correlated on the well logs as the base of an aggradational 
package in the Lower Mancos Shale ("Carlile" interval).
This surface is not represented in the Newsom core but is 
found in the Angel Peak core where it is marked by a 
gradational increase in both grain size and ichnofabric. 
Sediments in this lowstand systems tract are correlative to 
the Semilla Sandstone Member of the Mancos Shale described 
by Fleming (1989). Equivalent updip depositional systems 
from this systems tract are represented by the vertical 
stacking of the Atarque Member of the Tres Hermanos 
Formation (see Molenaar, 1983).
The transgressive surface that separates the lowstand 
from transgressive systems tracts in Sequence B is found at 
the base of the Juana Lopez Member. This surface is 
correlated as a distinct change from an aggradational to a 
retrogradational stacking pattern in the well log cross- 
section. In the Angel Peak core, a noticeable decrease in 
grain size is recorded at this surface along with a change 
from bioturbated, non-calcareous sediments below to those 
that are laminated and calcareous above. In the Newsom 
core, however, grain size and ichnofabric increase at this 
surface (much like it does at the base of the upper Tocito
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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Sandstone; Sequence C) and is marked by the distinctive 
phosphatic calcarenite (Hook and Cobban, 1980). It should 
be noted that, when compared to earlier work by Nummedal 
(1990), there is an apparent discrepancy in the placement of 
the sequence boundary and transgressive surface in this 
sequence. Nummedal (1990) describes a sequence boundary at 
the base of the Juana Lopez Member and a transgressive 
surface within it. Well log cross-sections presented by 
Molenaar (1989), however, correlate the base of the Juana 
Lopez as a flooding surface; an observation in agreement 
with the findings of this study. It is suggested that this 
discrepancy arises from the fact that the present study, 
along with Molenaar (1989), is concerned with subsurface 
data but the conclusions presented by Nummedal (1990) are 
primarily taken from study of outcrops. Because it is not 
certain how the Juana Lopez type section described by Hook 
and Cobban (1980) correlates to the Newsom and Angel Peak 
cores or the cross-sections of Molenaar (1989), this 
discrepancy may be one of lithostratigraphic nomenclature 
rather than sequence stratigraphic interpretation.
The transgressive systems tract in Sequence B contains 
sediments that are characterized by high gamma ray counts on 
the well logs. Correlations by Molenaar (1983) suggest that 
the lower portion of this transgressive systems tract is 
represented in updip areas by the Fite Ranch Member of the 
Tres Hermanos and the Pescado Tongue of the Mancos Shale. 
Lithologically, the portion of the Juana Lopez Member in the 
transgressive systems tract is interbedded shale and 
phosphatic calcarenite with considerable bentonite and 
pyrite. Concretions and Inoceramus fragments are common in 
this interval. The surface of maximum starvation is
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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represented in the Newsom core as a zone of calcareous 
concretions. This surface is correlated on the well logs as 
the base of a progradational package with high resistivity. 
The high resistivity marker is removed in the Angel Peak 
core but is present in the Newsom core as a tightly 
cemented, calcareous fine-grained (100 pm) sandstone. This 
sandstone is correlative to the ledge-forming unit at the 
outcrop section on the east side of Red Wash (T.30N. R.20W., 
San Juan County, NM)
The highly resistive and regionally extensive sandstone 
marker is recognized as the top of the Juana Lopez Member 
and is interpreted to be the base of the highstand systems 
tract in this sequence. According to Hook and Cobban 
(1980), this marker climbs stratigraphically through two 
faunal zones from southwest to northeast across the basin. 
This basinward stratigraphic climb is to be expected for the 
earliest deposits in the highstand systems tract (see Figure 
1). The highstand systems tract, although not complete in 
the Angel Peak core, is characterized by a progradational 
log stacking pattern on the cross-section. Updip, 
deposition in this systems tract is represented by 
progradation of the F, E, and D tongues of the Gallup 
Sandstone (Nummedal, 1990). The upper boundary of this 
systems tract (and sequence) is the lower boundary of 
Sequence C described below.
- Sequence C (Tocito Sandstone - Upper Mancos Shale)
The sequence boundary at the base of this sequence is 
represented in the Angel Peak core by a marine erosional 
surface at 5,882 feet. The erosional surface is marked by a 
completely bioturbatsd interval (ichnofabric = 5) and the 
sediments above contain siltstone rip-up clasts, phosphate
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pebbles, and considerable amounts of glauconite.
Glauconitic sand (350 /am) can be seen filling burrows in the 
underlying 8 centimeters of sediments. Biostratigraphic 
data have demonstrated a significant hiatus at this surface 
(J.A. Stein, R.W. Scott, oral communication) and well log 
correlations reveal that 35-40 feet of the underlying Upper 
Carlile and Juana Lopez have been removed. This surface can 
be correlated to the Newsom well where it manifests itself 
as a change from a progradational to an aggradational 
stacking pattern at a depth of 6,600 feet. The cross- 
sections in Appendix A indicate that this sequence boundary 
correlates to the base of a progradational package in the 
Gallup Sandstone. Supporting evidence for this correlation 
comes from other studies that have suggested a sequence 
boundary exists at (or near) the base of the C tongue of the 
Gallup (Nummedal et al.. 1989ab; Nummedal, 1990).
The lowstand systems tract above this sequence boundary 
extends up to the transgressive surface at the base of the 
upper Tocito interval. The transgressive surface at the 
base of the upper Tocito is marked by coarse glauconitic 
sand (250-350 jum) and a change in ichnofabric in the Newsom 
core. In the Angel Peak core, a thin concentration of 
Inoceramus fragments, a change in ichnofabric, a slight 
decrease in grain size, and a slight increase in HC1 
effervescence is recognized at this surface.
The upper boundary of the transgressive systems tract 
(surface of maximum starvation) in Sequence C is represented 
in the Newsom core by a minimum in grain size and an 
Inoceramus shell hash is found in the Angel Peak core at 
this surface. On the well logs, the surface of maximum 
starvation is at the base of a highly resistive package that
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probably correlates to condensed section facies in the 
Mulatto Tongue of the Upper Mancos Shale described in 
outcrop by Nummedal et al. (1989a) and Nummedal (1990).
This resistive marker was called the "Skelly Zone" in log 
cross-sections presented by Bergsohn (1988).
The highstand systems tract of Sequence C is 
characterized by an aggradational to slightly progradational 
stacking pattern. This package is thought to be correlative 
to the near-vertical stacking of depositional systems in the 
lower Dalton Sandstone (Figures 5 and 6).
The sequence boundary that caps this sequence is subtle 
in appearance and difficult to locate. No objective 
criteria can be recognized in the cores and this sequence 
boundary is recognized primarily on the basis of a coarser 
interval (125 /ra sand) in the cores. This interval can be 
correlated to thin, aggradational packages in the other 
wells and is interpreted to represent the lowstand systems 
tract of the overlying sequence. In the Newsom core, this 
sequence boundary may have been modified by the 
transgressive surface of the overlying sequence. If this is 
true, then the transgressive systems tract of the overlying 
sequence rests directly on the sequence boundary (and, 
consequently, on the highstand systems tract of Sequence C). 
An alternate explanation may be that no sequence boundary is 
present in this part of the section and the changes 
correlated here actually represent a smaller-scale 
transgression in the Mulatto Tongue / Dalton Sandstone 
interval.
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ST. STEPHENS QUARRY. ALABAMA
A general stratigraphic column for the upper part of 
the Jackson Group and the Vicksburg Group in eastern 
Mississippi and western Alabama is shown in Figure 12. The 
measured section and associated lithostratigraphy for the 
Eocene - Oligocene rocks exposed at St. Stephens Quarry, 
Alabama is presented in Figure 13 (see also Appendix B). 
Lithostratigraphic units from the Pachuta Marl up through 
the Mint Springs Marl were described and sampled.
Based on regional stratigraphic studies, two important 
surfaces associated with transgression of the shoreline are 
found in the section at St. Stephens Quarry. First, the 
upper contact of the Shubuta Clay is marked by a laterally 
continuous but thin (< 2 cm) shell hash that contains 
considerable amounts of glauconite, pyrite, and phosphate. 
This surface is found at 3.95 meters in the measured section 
from St. Stephens Quarry (Figure 13 and Appendix B). The 
shell hash is related to the maximum landward extent of the 
shoreline during latest Eocene time and was apparently 
formed as the shelf was starved of sediment (MacNeil, 1944; 
Loutit et al.. 1983; 1988; Baum and Vail, 1988; Mancini et 
al.. 1987; Mancini and Tew, 1988; Pasley and Hazel, 1990). 
Secondly, the contact between the Red Bluff Clay and the 
overlying Mint Springs Marl (10.70 meters in Figure 13 and 
Appendix B) is a transgressive surface that represents 
southeast-to-northwest transgression over the Forest Hill - 
Red Bluff deltaic system (MacNeil, 1944; Murray, 1961; Hazel 
et al.. 1980; Mancini and Tew, 1988; Dockery, 1982; 1990; 
Pasley and Hazel, 1990). Therefore, this surface separates 
regressive, fine-grained, pro-deltaic sediments (Red Bluff
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Generalized lithostratigraphy of Eocene - Oligocene 
strata in southeastern Mississippi and southwestern 
Alabama. S t Stephens Quarry is located a short 
distance east of state line (see Figure 2). Figure 
from Pasley and Hazel (1990).
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FIGURE 13. Lithostratigraphy of measured section at St. Stephens 
Quarry, Alabama. Arrows denote location of samples. 
Figure adapted from Pasley and Hazel (1990).
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Clay) from transgressive, calcareous, shelf deposits (Mint 
Springs Marl, Marianna and Glendon Limestones).
Sequence Stratigraphy
Much has been published on both the regional 
stratigraphic relationships (e.g. MacNeil, 1944; Murray,
1961; DeBoo, 1965; Hazel et al.. 1980) and the sequence 
stratigraphy of the Eocene - Oligocene strata exposed at 
this important location (Mancini et al.. 1987; Baum and 
Vail, 1988; Loutit et al.. 1988; Mancini and Tew, 1988;
1990; Pasley and Hazel, 1990). When the results of these 
studies are combined with those from other parts of the Gulf 
Coast (Galloway, 1989; Coleman, 1990; Coleman and Galloway, 
1990; Dockery, 1990), a better sequence stratigraphic 
interpretation of this interval emerges. This 
interpretation is presented in Figure 14.
As shown in Figure 14, the Pachuta Marl and Shubuta 
Clay were deposited in the transgressive systems tract. The 
upper boundary of this systems tract is the starvation 
surface (shell hash) found at the top of the Shubuta Clay 
where, using graphic correlation techniques, a definite 
marine hiatus can be resolved (Pasley and Hazel, 1990).
This hiatus represents approximately 300,000 years and is 
equivalent to the upper 37 feet of the Shubuta Clay in its 
type area along the Chickasawhay River in eastern 
Mississippi. This equivalence is important because all of 
the earlier work on the sequence stratigraphy of the St. 
Stephens section placed the Red Bluff Clay / Bumpnose 
Limestone and Red Bluff Clay interval above the shell hash 
in the highstand systems tract. Correlation to well log 
cross-sections presented by Dockery (1990), however, reveals 
that the hiatus at the top of the Shubuta at St. Stephens
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FIGURE 14. Sequence stratigraphic interpretation for the Eocene - Oligocene
section at St. Stephens Quarry. This interpretation integrates findings 
from earlier work on this section (cf. Pasley and Hazel, 1990) with those 
from Mississippi (Dockery, 1990). Location of condensed section facies 
based on gamma ray data presented by Loutit et al. (1988). Actual 
condensation of time resolved as a marine hiatus at surface of maximum 
starvation (top of Shubuta Clay) by Pasley and Hazel (1990).
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contains not only the Eocene - Oligocene epochal boundary 
but also the entire highstand systems tract. Deposition in 
the highstand systems tract of this particular sequence 
occurred further updip (or closer to the supply of sediment) 
and is represented by the upper Shubuta that is missing in 
St. Stephens Quarry. Deposition resumed at St. Stephens 
only after relative sea level was lowered and the Forest 
Hill - Red Bluff interval prograded into the basin. These 
sediments rest on a recognizable subaerial unconformity in 
Texas, Louisiana, and Mississippi (Murray, 1961; Galloway, 
1989; Coleman and Galloway, 1990; Dockery, 1986; 1990). 
Correlation of the sequence stratigraphy of St. Stephens 
Quarry to that from Mississippi presented by Dockery (1990) 
is shown in Figure 15.
Therefore, the surface of maximum starvation at St. 
Stephens Quarry represents the top of the transgressive 
systems tract, the entire highstand systems tract, and the 
sequence boundary (Figures 14 and 15). Above this surface, 
the lowermost Oligocene Red Bluff Clay / Bumpnose Limestone 
interval was deposited in the lowstand systems tract, an 
observation that agrees well with findings from Mississippi 
(Dockery, 1990) and Texas (Galloway, 1989; Coleman and 
Galloway, 1990) but disagrees with earlier work on the St. 
Stephens Quarry section (Baum and Vail, 1988; Loutit et al.. 
1988: Mancini and Tew, 1988; 1990; Pasley and Hazel, 1990). 
These workers placed the sequence boundary higher in the 
section at either the base of the Mint Springs Marl (Baum 
and Vail, 1988; Loutit et al.. 1988; Mancini and Tew, 1988; 
1990) or in the Red Bluff Clay (Pasley and Hazel, 1990).
Regional stratigraphic relationships discussed by 
MacNeil (1944), Hazel et al. (1980) and Pasley and Hazel
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FIGURE 15. Correlation of sequence stratigraphy at St. Stephens Quarry to equivalent rocks In Mississippi. Composite well log section from
Dockery (1990) and represents a section a short distance downdip from the outcrop on the Chlcksawhay River. Red Bluff Clay Is a distal
facies of the deltaic Forest Hill (see MacNell, 1944). Highstand systems tract In Mississippi Is represented by upper Shubuta Clay and In
St. Stephens by the marine hiatus. Transgressive surface at the base of the Mint Springs at St. Stephens separates lowstand from
transgressive systems tracts and Is correlated to the upper part of the Forest Hill that contains a ‘Mint Springs fauna* (MacNell, 1944; w
Dockery, 1982). Note difference In scales as section In Mississippi Is much thicker. oa
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(1990) show that the base of the Mint Springs cannot be the 
sequence boundary because it is time-transgressive. This 
surface climbs stratigraphically landward and, as a result, 
not all rocks below it are older than all rocks above it 
(see discussion by Nummedal and Swift, 1987 on the 
diachronous nature of transgressive surfaces). As discussed 
earlier, the base of the Mint Springs Marl at St. Stephens 
is a transgressive surface and is interpreted in Figure 14 
to represent the boundary between the lowstand systems tract 
(Red Bluff Clay) and the overlying transgressive systems 
tract (Mint Springs Marl). The correlative transgressive 
surface in Mississippi is found in the upper portion of the 
Forest Hill Sand (Figure 15). According to MacNeil (1944) 
and Dockery (1982), the upper Forest Hill is estuarine and 
contains a fauna similar to the Mint Springs Marl. These 
sediments are interpreted in Figure 15 to represent the 
lower part of the transgressive systems tract. The 
lithostratigraphic contact between the Mint Springs Marl and 
the Forest Hill Sand in Mississippi is a transgressive 
surface (probably a ravinement surface) but, because it has 
little chronostratigraphic significance, does not form the 
lower boundary of the transgressive systems tract.
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RESULTS
ORGANIC MATTER CHARACTERIZATION 
Maceral Analysis
Data from five sets of samples (St. Stephens Quarry, 
Bisti and Hogback oil fields, and Angel Peak and Newsom 
cores) are presented in tables found in Appendix C. 
Petrographic data are presented as percentages for the 
individual macerals in each sample. In addition, the 
percent terrestrial organic matter (% TOM) for each sample 
is found at the bottom of these tables. This parameter is 
simply the sum of all macerals known to have terrestrial 
precursors (phytoclasts, sporinite, inertinite, and 
scleratoclasts). The degradational index (D), as defined by 
Hart (1986), is presented at the bottom of the data tables 
and is a means of quantifying the amount of degradation that 
phytoclasts experience in the depositional environment. 
Numerically, D is inversely proportional to the degree of 
degradation exhibited by the phytoclasts in a sample.
Maceral data (% TOM, and D) from the section at St. 
Stephens Quarry are plotted against the stratigraphic 
position for each sample in Figure 16. Distinct changes in 
the organic matter are observed at two surfaces associated 
with transgressions of the shoreline (Figure 17). The shell 
hash associated with the starvation surface found at the top 
of the Shubuta Clay is low in terrestrial organic matter 
(TOM) and a general increase in TOM is observed as one moves 
up through the interfingering Red Bluff Clay / Bumpnose 
Limestone and overlying Red Bluff Clay. The transgressive
40
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FIGURE 16. Maceral data plotted against stratigraphic position for 
the section at St Stephens Quarry (adapted from 
Pasley and Hazel, 1990). Arrows denote location of samples. 
Scale for percent terrestrial organic matter plotted from 
right to left This creates a visual similarity to a gamma 
ray curve (well log) which depicts increasing terrigenous 
clastic content to left
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FIGURE 17. Maceral analysis data plotted against stratigraphic position for the 
section at S t Stephens Quarry. Note changes in organic matter at 
transgressive surface at base of Mint Springs Marl and at starvation 
surface at top of Shubuta Clay. Lithostratigraphy of this section
Presented in Figure 13 (see also Figure 12). Figure adapted from asley and Hazel (1990).
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surface at the contact between the Red Bluff Clay and the 
thin tongue of the Mint Springs Marl is marked by a sharp 
decrease in TOM.
Changes in the degradational index (D) also occur at 
surfaces associated with transgressions (Figure 17). 
Terrestrial organic matter is highly degraded (low D value) 
in samples from the Pachuta Marl and Shubuta Clay. The 
phytoclasts are the most degraded and D attains a minimum in 
the shell hash (starvation surface). Samples above the 
shell hash contain increasing amounts of well preserved 
phytoclasts and, consequently, display increasing D values. 
High D values for the samples from the lower part of the 
regressive Red Bluff Clay indicate that terrestrial macerals 
in this part of the section have undergone little 
biodegradation. The two samples in the uppermost portion of 
the Red Bluff Clay, however, contain more degraded 
phytoclasts and lower D values. As a result, the 
transgressive surface at the base of the Mint Springs Marl 
is marked by only a small decrease in the degradational 
index.
Maceral data are plotted against stratigraphic position 
for the Bisti, Angel Peak and Newsom cores in Figures 18,
19, and 20, respectively. Several important differences are 
evident upon comparison of the organic matter from the 
regressive lower Tocito interval to that found in the 
transgressive upper Tocito and overlying Mancos Shale. 
Petrographically, most of the organic matter in the 
regressive lower Tocito interval at Bisti oil field is of 
terrestrial origin (Figure 21). Conversely, the most common 
macerals found in the transgressive upper Mancos at Bisti 
are amorphous non-structured protistoclasts (Figure 22). A
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FIGURE 18. Maceral data plotted against stratigraphic position for Bisti samples. Vertical bars represent group means presented in Table 4.
Note change from abundant, well preserved terrestrial organic matter in regressive sediments to that which is less common and 
more degraded in the overlying transgressive deposits (adapted from Pasley et at., 1991).
45
Union Texas Petroleum Co.
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FIGURE 19. Data from maceral analysis plotted against core depth and grain size for UTPC Angel Peak well.
Degradational Index increases (numerically) as degradation of phytocfasts decreases (i.e. when 
terrestrial organic matter is well preserved, Degradational index is high). See Appendix C for definition.
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Union Texas Petroleum Co. 
Newsom A3E (A20)
NW Sec. 4 -  T26N - R8W 
San Juan County, NM 
K.B.6812*
PETROGRAPHIC DATA
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FIGURE 20. Data from maceral analysis plotted against core depth and grain size for UTPC Newsom weH.
Degradational Index increases (numerically) as degradation of phytodasts decreases (i.e. when 
terrestrial organic matter is well preserved, Degradational Index is high). See Appendix C for definition.
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FIGURE 21. Bar chart of maceral percentages for regressive
lower Tocito interval at Bisti oil field. Data from group 
means in Table 4. Fluorescent intensities for amorphous 
macerals (stippled pattern) shown in Figure 26. Note 
relative abundance of phytoclasts, particularly those that 
are well preserved (adapted from Pasley etal. (1991)).
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from group means in Table 4. Fluorescent intensities for 
amorphous macerals (stippled pattern) shown in Figure 26. 
Note dominance of amorphous non-structured 
protistoclasts (adapted from Pasley etal. (1991)).
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similar relationship between stratigraphic position and 
maceral facies exists in the Tocito - Mancos interval in the 
Newsom and Angel Peak cores (Figures 23 and 24). A distinct 
decrease in the amount of terrestrial organic matter is 
observed as one moves up the section across the 
transgressive surface and into deposits associated with the 
transgression.
Not only the amount of terrestrial organic matter but 
also the preservational state of the phytoclasts found in 
the Tocito - Mancos interval varies with stratigraphic 
position (Figures 18, 23, and 24). The phytoclasts in the 
regressive portion are better preserved (higher D values) 
than those found within and above the transgressive upper 
Tocito. An example of this difference can be seen in the 
photomicrographs presented in Figure 25. Also apparent in 
Figure 25 are differences in the nature of fluorescence 
exhibited by the amorphous macerals. In the Bisti oil field 
samples, most of the amorphous macerals (both phytoclast and 
protistoclast) in the regressive lower Tocito are weakly or 
non-fluorescent. In contrast, amorphous macerals in the 
transgressive Mancos Shale above the Tocito Sandstone 
commonly exhibit strong fluorescence. Samples from the 
mudstone interbeds within the upper Tocito Sandstone possess 
intermediate fluorescence levels. This comparison is 
displayed graphically in Figure 26.
Programmed Pvrolvsis
Programmed pyrolysis results and total organic carbon 
(TOC) measurements for the core samples from Bisti oil 
field, UTPC Newsom A3E (A20), and UTPC Angel Peak B#37 are 
also presented in Appendix C. The values for the Newsom and 
Angel Peak cores represent the average of two measurements
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FIGURE 23. Data from maceral analysis plotted against core depth and grain size for the Tocito • Mancos Interval In the 
UTPC Newsom well. Note lower TOM and D values above transgressive surface at base of upper Tocito. 
Regressive sediments below this surface contain abundant, well preserved phytoclasts. Compare to same 
Interval in Angel Peak core (Figure 24).
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FIGURE 24. Data from maceral analysis plotted against core depth and grain size for the Tocito • Mancos interval in the 
UTPC Angel Peak well. Note lower TOM and D values above transgressive surface at base of upper Tocito. 
Regressive sediments below this surface contain abundant, well preserved phytoclasts. Compare to same 
interval in Newsom core (Figure 23).
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FIGURE 25. Photomicrographs (while light - blue light pairs) of typical 
maceral appearances for the Tocito* Mancos interval at 
Bisti oil field. Scale bar is 50 pm long and all photographs 
are taken at same magnification. Fluorescence 
photomicrographs taken in blue light (BG-12 /  0-515). 
Figure taken from Pasley ef at (1991).
(A) Regressive lower Tocito interval from Bisti oil field 
contains abundant wed preserved phytodasts (1) and 
minor amorphous structured phytodasts (2).
Amorphous non-structured protistodasts (3) are 
generally weakly or non-fluorescent Note low 
intensity of fluorescence when compared to 
accompanying sporinite (4).
(B) Transgressive Upper Mancos Shale above 
the Tocito Sandstone contains sparse, degraded 
terrestrial organic matter [amorphous structured 
phytodasts (2)] and strongly fluorescent amorphous 
non-structured protistodasts (3). Dinocysts (5) 
typically fluoresce strongly of very strongly.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
PE
RC
EN
T 
O
CC
U
RR
EN
CE
 
PE
RC
EN
T 
O
C
C
U
R
R
E
N
C
E
53
AVERAGE AMORPHOUS MACERAL COMPOSITION 
AND FLUORESCENCE LEVELS
30 —
TRANSGRESSIVE 
25 UPPER MANCOS SHALE
(ABOVE)
20 — I
15 —
10 —
30 —i |  (0) NON-FLUORESCENT
REGRESSIVE 
LOWER TOCITO INTERVAL
|  (1) WEAK FLUORESCENCE
25 — 9  (2) MODERATE FLUORESCENCE
(BELOW) □  (3) STRONG FLUORESCENCE
20 —
15 —
10 —
MACERAL
FIGURE 26. Bar chart of percent occurrence for the amorphous macerals in the 
Tocito - Mancos interval at Bisti oil field. Each maceral is divided 
into four fluorescence levels. Maceral percentages from group 
means presented in Table 4. Amorphous material is typically 
non-fluorescent or weakly fluorescent in regressive lower Tocito 
but moderate and strong fluorescence is most common for the 
amorphous material in the transgressive Upper Mancos above the 
Tocito Sandstone. Figure adapted from Pasley etaL (1991).
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on each sample. The pyrolysis data from the Bisti oil field 
are plotted on a modified van Krevelen diagram in Figure 27 
and against stratigraphic position in Figure 28. Values for 
TOC and S2 from the Angel Peak and Newsom samples are 
plotted against core depth in Figures 29 and 30. Hydrogen 
indices measured on samples with less than 0.5% TOC are not 
reliable and are not included in Figure 29 (see Peters,
1986).
Because no thermal maturity difference across Bisti oil 
field is apparent, the modified van Krevelen diagram in 
Figure 27 shows a definite compositional difference in the 
organic matter based on stratigraphic position. Using the 
nomenclature of Jones (1987), this transition is equivalent 
to a change from organic facies C (regressive lower Tocito) 
to BC (mudstone interbeds within the upper Tocito) to B 
(transgressive Upper Mancos). Descriptions of these organic 
facies by Jones (1987) closely match the observations made 
in this study at Bisti oil field (Table 2). The change in 
HI.with stratigraphic position for the Tocito - Mancos 
interval in the Newsom and Angel Peak cores is shown in 
Figures 31 and 32, respectively. In all three locations, an 
increase in HI (or S2) coincides with the change from 
regressive sediments below to transgressive sediments above. 
This change in composition is accompanied by a similar 
change in the amount of organic matter preserved in these 
sediments as measured by TOC (Figures 28, 31 and 32). The 
regressive lower Tocito is relatively lean in organic carbon 
content whereas the transgressive upper Mancos could be 
considered organic-rich (commonly greater than 2% by wt.).
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1050
900
TOCITO - MANCOS 
BISTI OIL FIELD, NM
750
600
450 Upper Mancos Shale 
(above Tocito Sandstone)
mudstone interbeds within 
upper Tocito Sandstone
lower Tocito interval
300
150
0
250200100 1500 50
OXYGEN INDEX (mg/gC)
FIGURE 27. Programmed pyrolysis data for the Bisti oil field samples 
plotted on a modified van Krevelen diagram. Legend 
indicates stratigraphic position with respect to upper 
Tocito Sandstone for the various samples. Sample 
numbers refer to data table in Appendix C. Figure 
adapted from Pasley etal. (1991).
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FIGURE 28. Pyrolysis data plotted against stratigraphic position for Bisti samples. Vertical bars represent group means presented in Table 4. 
Note change from relatively lean hydrogen-poor organic matter in regressive sediments to that which is hydrogen-rich and 
abundant (high TOC) in the overlying transgressive deposits (adapted from Pasley et al., 1991). ui<J\
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Union Texas Petroleum Co.
Angel Peak B#37 
NE Sec. 24- T28N - R11W 
San Juan County, NM 
X.B. 5901'
ORAMSSE
DEPTH ££fif | $
Fast i— u w -H — |----- 1
5400-
5500-
5600-
5700-
5800-
5800 -
6000-
6100-
6200
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FIGURE 29. Data from programmed pyrolysis (TOC, HI, and S2) plotted against core depth and grain size for 
UTPC Angel Peak well. Data are presented in tables of Appendix C. Hydrogen Indices from 
samples with less than 0.5% TOC are not reliable and are not included in this figure (see 
Peters, 1986).
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Union Texas Petroleum Co. 
Newsom A3E (A20)
NW Sec. 4 - T26N - R8W 
San Juan County, NM 
K.B. 6812*
or/un s ize
M il I I I I
PYROLYSIS DATA
TaW Oignic Catcn (M%) % *»g«M u(m oW 9
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FIGURE 30. Data from programmed pyrolysis (TOC, HI, and S3) plotted against core depth and grain size for 
UTPC Newsom well Data are presented in tables of AppendocC.
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TABLE 2. Comparison of stratigraphic position and organic matter characteristics at Bisti oil field with observations on 
organic facies by Jones (19B7). Table adapted from Pasley etal. (1991).
STRATIGRAPHIC
POSITION
ORGANIC MATTER 
CHARACTERISTICS 
(BISTI OIL FIELD)
ORGANIC FACIES 
(JONES, 1987)
ABOVE
(Transgressive Upper 
Mancos directly above 
Tocito Sandstone)
Mostly strongly fluorescent amorphous 
non-structured protistoclasts. Minor 
terrestrial organic matter (TOM -  25*46%) 
present and is highly degraded. Hydrogen 
Indices are the highest in the Mancos/ 
Tocito interval (HI -  433-623).
ORGANIC FACIES B (HI -  400-650) 
"...volumetrically the most important of the 
oil-prone sourcerocks and is the source of the 
majority of the world's oilfields."
"Organic Facies B is laminated - well bedded." 
"... is often found in transgressive marine 
shales deposited in shallow water, and Is likely 
to be interbedded with less oil-prone facies 
due to fluctuations in water bottom anoxia"
WITHIN
(mudstone interbeds in 
transgressive upper 
Tocito Sandstone)
Sub-equal terrestrial and marine organic 
matter (TOM -  45-63%). Intermediate 
fluorescence, degradation and HI (311-413). 
Intermediate between shales below and 
above primarily because of transgressive 
reworking of older (regressive) shelf and 
shoreface deposits.
ORGANIC FACIES BC (HI -  250-400) 
"The facies Is often deposited under an oxic 
water column in a fine-grained system of 
siliceous elastics....". "The OM is usually a 
mixture of partially blodegraded terrestrial 
and algal material.”
BELOW
(regressive lower 
Tocito Interval)
Terrestrial organic matter dominant 
(TOM -  41-88%) and well preserved. 
Amorphous material fluoresesces weakly 
or not at all. Hydrogen Indices low 
(HI -135-263).
ORGANIC FACIES C (H I -  125-250)
"...is the "gas-prone" facies of the literature. 
The OM is dominated by terrestrial debris in 
various stages of oxidation. Large volumes 
of Organic Facies C were deposited on the 
Tertiary and Mesozoic shelves and slopes of 
continental margins.”
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GRAIN SIZE
Union Texas Petroleum Co.
Newsom A3E (A20)
TOCITO - MANCOS INTERVAL
Total Organic Carbon (wt%) Hydrogen Index (mg/flC)
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FIGURE 31. Data from programmed pyrolysis (TOC, HI, and S2) plotted against core depth and grain size for
Tocito - Mancos interval in UTPC Newsom well. Note lower TOC and HI (S2) in regressive sediments. 
Compare to same interval at Bisti oil field (Figure 28) and in Angel Peak core (Figure 32).
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Union Texas Petroleum Co. 
Angel Peak B#37
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FIGURE 32. Data from programmed pyrolysis (TOC, HI, and S2) plotted against core depth and grain size for the Tocito - Mancos interval in the UTPC 
Angel Peak well. Note lowerTOC and HI (S2) in regressive sediments and distinct increase at transgressive surface. Compare to same 
interval at Bisti oil field (Figure 281 and in Newsom core (Figure 31). Hydrogen Indices from samples with less than 0.5% TOC are not 
reliable and are not included in this figure (see Peters, 1986).
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THERMAL MATURITY
The thermal maturity of organic matter is related to 
the thermal history of the sediment in which it is found, 
and, as such, is not directly related to the objectives of 
this study. However, thermal maturity assessment is 
indirectly important because some of the parameters used to 
characterize organic matter are affected by thermal stress. 
Any comparison of these parameters must take into account 
the thermal maturity of the sample.
Thermal maturity of the Angel Peak and Newsom cores can 
be estimated by Tmax from pyrolysis. These values, which 
can be found in the data tables of Appendix C, are plotted 
against sample depth for each well in Figures 33 and 34. 
These data suggest that the organic matter found in the 
Angel Peak and Newsom cores is thermally mature with respect 
to hydrocarbon generation. Based on Tmax values near 450‘C, 
samples very near the peak of liquid hydrocarbon generation 
are found in the lower portion of each core (Angel Peak - 
below 6,100 feet in the lower Carlile and Bridge Creek; 
Newsom - below 6,650 feet in upper Carlile and Juana Lopez). 
Although the Bisti oil field cores came from 4 different 
wells, the wells are fairly closely spaced (<40 km) and 
present-day depths for the samples vary little (<360 m). 
Therefore, thermal maturity differences between individual 
Bisti samples are considered to be negligible. This 
assumption is supported by the Tmax values in Appendix C 
(approx. 430°C), Thermal Alteration Index (TAI) values from 
the maceral analysis (2 to 2+ on the Pearson (1984) scale), 
and vitrinite reflectance measurements (0.58-0.62%) 
supplied by Shell Development Company in Houston. All of 
these measurements suggest that the organic matter in the
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FIGURE 33. Plot of pyrolysis Tmax against core depth for UTPC 
Angel Peak well. Vertical lines denote approximate 
position of beginning of oil window and of maximum 
generation as described by Peters (1986).
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FIGURE 34. Plot of pyrolysis Tmax against core depth for UTPC 
Newsom well. Vertical lines denote approximate 
position of beginning of oil window and of maximum 
generation as described by Peters (1986).
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Tocito - Mancos interval at Bisti oil field is marginally 
mature with respect to hydrocarbon generation.
Quantitative information concerning the thermal 
maturity of the interval exposed at St. Stephens Quarry is 
sparse. However, TAI is estimated to be 2- on the Pearson 
(1984) scale. This suggests that the organic matter in the 
St. Stephens section is thermally immature with respect to 
hydrocarbon generation.
DISCRIMINANT FUNCTION ANALYSIS
Results from both of the discriminant function analyses 
performed on data from Bisti oil field are given in Table 3. 
These analyses provided no incorrectly classified 
observations based on the a priori knowledge of 
stratigraphic position relative to the Tocito Sandstone.
The first discriminant function used maceral type, HI and 
TOC, and these results indicate that, based on discriminant 
weights, all maceral types and both HI and TOC are important 
in the process of discrimination (Table 3a.). In addition, 
levels of maceral fluorescence can be used to discriminate 
stratigraphic groups without incorrect classification (Table 
3b). Because the results of the discriminant function 
analysis suggest that the stratigraphic groups (below, 
within, and above) are internally consistent and different 
from one another, group means were calculated for the Bisti 
samples and are presented in Table 4.
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TABLE 3. Results of discriminant function analysis performed on data from Bisti samples. Top part of each table lists variables used in 
discriminant function. (A) Discrimination based on TOC, HI, and maceral percentages. (B) Discrimination based on TOC, HI, 
and fiuorescenece levels. Both analyses provided accurate discrimination of stratigraphic position (from Pasley et a/., 1991).
A B
VARIABLES VARIABLES
TOC (T o tt Organic Carbon In w t %) TOC (Total Organic Carbon In w t %)
HI (Hydrogan Mm in mgttC) HI (Hydrooan Mm In mgfaC)
PHYTO (% wa* and poorly praaarvad, Infaitad phytodaata, aporinita, intarmta) WEAK (% macarala wi»i waak duoraacanca)
AMPPHY (% amorphous phytodaata) MOO (% macarala with modarala Duoraacanca)
AMPND (% amorphooa indalarminata) STRONG (% macarala with atrong Duoraacanca)
AMP PRO (K  amorphooa pradatodaata, dnocyata) V8TR (% macarala wHh vary afrong duoraacanca)
SCLER (llw a l and poorly praaarvad adaralodaata) NOFL (% non-fluoraaoant macarala)
GENERALIZED SQUARED DISTANCE TO POSITION G E N ER A ! I7 F D  S Q U A R E D  D IS TA N C E  T O  P O SITIO N
BELOW WITHIN ABOVE BELOW WITHIN ABOVE
BELOW 0.00 12.08 41.50 BELOW 0.00 14.65 36.30
WITHIN 12.08 0.00 1614 W ITHN 14.65 0.00 20.40
ABOVE 41.60 16.14 0.00 ABOVE 36.30 20.40 0.00
CLASSIFICATION RESULTS CLASSIFICATION RESULTS
POSTERIOR PROBABLITY POSTERIOR PROBABLITY
OF MEMBERSHP N  POSITION OF MEMBERSHIP N  POSITION
SAMPLE POSITION CLASSFED BELOW WITHN ABOVE SAMPLE POSITION CLASSFIEO BELOW WITHN ABOVE
GR1 BELOW BELOW 0.0903 0.0007 0.0000 GR1 BELOW BELOW 1.0000 0.0000 0.0000
GR2 WITHN WITHN 0.0165 0.0835 0.0000 GR2 WITHN W ITHN 0.0016 0.0084 0.0000
GR3 WITHN WfTHN 0.0068 0.9027 0.0007 GR3 WITHN WITHN 0.0000 1.0000 0.0000
GR4 BELOW BELOW 0.0836 0.0164 0.0000 GR4 BELOW BELOW 0.0965 0.0035 0.0000
GR5 WITHN WITHN 0.0005 0.0600 0.0007 GR5 WITHN WITHN 0.0959 0.9040 0.0001
GR6 WITHN WITHN 0.0001 0.6680 0.1110 GR8 WITHN W ITHN 0.0001 0.0097 0.0002
QR7 BELOW BELOW 0.0800 0.0101 0.0000 GR7 BELOW BELOW 1.0000 0.0000 0.0000
ORS WITHN WITHN 0.0001 0.9098 0.0001 GR8 WITHN WITHN 0.0004 0.0038 0.0058
ORB ABOVE ABOVE 0,0000 0.0000 1.0000 GR9 ABOVE ABOVE 0.0000 0.0000 1.0000
QR10 ABOVE ABOVE 0.0000 0.0054 0.0046 GR10 ABOVE ABOVE 0.0000 0.0000 1.0000
GR11 ABOVE ABOVE 0.0000 0.0431 0.0569 GR11 ABOVE ABOVE 0.0000 0.0015 0.0985
OR 12 ABOVE ABOVE 0.0001 0.0342 0.0658 GR12 ABOVE ABOVE 0.0001 0.1515 0.8484
ORIS ABOVE ABOVE 0.0000 0.0000 1.0000 GR13 ABOVE ABOVE 0.0000 0.0000 1.0000
GR14 BELOW BELOW 1.0000 0.0000 0.0000 GR14 BELOW BELOW 0.0990 0.0001 0.0000
GRIS BELOW BELOW 0.9949 0.0051 0.0000 GRIS BELOW BELOW 0.6113 0.3887 0.0000
cri<T\
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TABLE 4. Group means by stratigraphic position (with respect to upper Tocito Sandstone) of maceral analysis and pyrolysis data from 
Bisti oil field (from Pasley otal., 1991).
STRATIGRAPHIC POSITION BELOW WITHIN ABOVE
Wall Preserved Phvtodast 29.2 24.1 10.4
Poorlv Preserved Phvtodast 8.9 5.0 2.7
Infested Phvtodast 6.S 2.2 1.6
Amorphous Structured Phvtodast 8.8 14.3 10.1
AMSfPHoVNi 7.8 8.2 2.9
AM&tPM i m 0.6 4.6 3.5
AMStPWfttoi 0.4 1.3 3.1
AMSTPhl 3 isi 0.0 0.2 0.7
Amorphous Non-structured Phvtodast 2.1 2.7 3.0
AMNSPH 0 (N) 2.0 1.8 0.4
f) 0.1 0.9 1.0
AMNSPH 2 (Mi 0.0 0.0 1.4
AMNSPhl 3 (Si 0.0 0.0 0.1
Well Preserved Soorinite 0.8 0.7 0.6
Poorlv Preserved Soorinite 1.8 2.7 0.9
tnertinite 4.0 1.2 2.0
Well Preserved Sderatodast 4.4 2.2 2.3
Poorlv Preserved Sderatodast 0.2 0.1 0.1
Amorphous Infested Indeterminate 4.3 8.4 6.1
AMINIhl 0 (hi 3.6 3.7 0.6
1 0.7 3.0 1.4
AMlNlN 2 (Mi 0.0 1.6 2.0
AMINIhl 3 (Si 0.0 0.1 2.1
Amorphous Non-structured Protlstodast 27.0 33.9 57.2
AMNSPR 0 (Nl 16.7 10.2 0.1
) J 7.7 15.6 6.1
AMNSPH 2 (Ml 2.1 7.3 23.6
AMN9hA3(& 0.4 0.8 27.4
Dinocvst 1.6 2.0 2.6
Mlcroforam 0.4 0.5 0.4
TOTAL 100 100 100
%TOM 67 55 34
Dearadatlonal Index (D) 256 163 100
GROUP MEANS - PYROLYSIS RESULTS
STRATIGRAPHIC POSITION BELOW WITHIN ABOVE
Total Organic Carbon (wt. %) 0.90 2.09 3.42
Hydrogen Index (mg/gC) 202 351 511
Oxygen Index (mg/gC) 38 21 17
Tmax (°C ) 432 433 426
c\
Chapter 4.
ORGANIC MATTER VARIATIONS ASSOCIATED WITH TRANSGRESSIONS
TOCITO SANDSTONE - MANCOS SHALE TRANSGRESSIVE INTERVAL
Petrographic comparison of the organic matter deposited 
in the regressive lower Tocito interval to that found in the 
overlying transgressive sediments reveals two important 
differences. First, as a percent of the total POM, the 
transgressive sediments (upper Tocito interval and Mancos 
Shale directly above) contain less terrestrial organic 
matter (TOM). The decrease in TOM occurs at the 
transgressive surface that separates sediments deposited 
during regression from those associated with transgression 
and is related to lowering of terrigenous influx to the 
shelf during transgression of the shoreline. Secondly, the 
phytoclasts are more degraded in the transgressive deposits. 
Increased degradation probably arises from slower 
sedimentation rates and an input of reworked material from 
the underlying regressive sediments. As a consequence, the 
phytoclasts deposited on the transgressive shelf are exposed 
to biodegradation for a longer period of time. These two 
differences can be seen in phytoclast abundances as they 
change from dominantly well preserved phytoclasts in the 
samples below the upper Tocito interval to mostly amorphous 
structured and non-structured phytoclasts in the samples 
above (Figures 21 and 22). The same relationship between 
stratigraphic position and the relative amount and 
preservation of terrestrial organic matter can be seen in 
the Newsom and Angel Peak cores (Figures 23 and 24) and in 
the samples from the outcrop section at the Hogback oil
68
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field (Appendix C). Therefore, the change in organic 
matter across the transgressive surface at the base cf the 
upper Tocito is consistent at four locations in the San Juan 
Basin. This suggests that the change from well preserved, 
terrestrially dominated organic matter in the regressive 
sediments to that which is mostly amorphous and marine 
(autochthonous) in origin in the transgressive sediments is 
not a local phenomenon.
Pyrolysis results and total organic carbon measurements 
reveal meaningful differences in the composition and amount 
of organic matter deposited in transgressive and regressive 
shelf sediments. Plots of HI vs. TOC can be used to infer 
the amount of terrestrial input and bottom water oxygen 
conditions in the various depositional environments (Dean et 
al.. 1986; Dean and Arthur, 1989). The plot of these 
parameters presented by Dean et al. (1986) for Cretaceous 
Western Interior sediments is reproduced here as Figure 35a. 
A similar trend can be recognized in the data from the Bisti 
oil field (Figure 35b), the Newsom core (Figure 36) and the 
Angel Peak core (Figure 37). It is interesting to note that 
the Tocito - Mancos samples plot as separate fields on the 
HI vs. TOC diagrams according to stratigraphic position.
The change from regressive lower Tocito to the overlying 
transgressive sediments is especially distinct. Inferences 
concerning terrestrial organic carbon input using this 
diagram as proposed by Dean et al. (1986) and Dean and 
Arthur (1989) are corroborated by the amount of terrestrial 
organic matter from petrographic analysis (% TOM). The 
transgressive upper Mancos plots as the uppermost field in 
Figures 35b, 36 and 37 and possesses the lowest TOM values. 
The reverse is true for the regressive lower Tocito as these
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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FIGURE 35. Relationship between hydrogen index (HI) and total organic carbon (TOC) for Cretaceous Western Interior sediments. (A) Diagram 
modified from Dean etaL (1986) showing generalized curves for Niobrara, Greenhorn, and Mowry. (B) Data from Bisti oil field plotted 
on similar diagram. Each stratigraphic position plots as a separate field with boundary between regressive and transgressive 
sediments especially distinct. Inferences proposed by Dean et al (1986) concerning bottom water oxygen and terrestrial organic 
carbon appear correct based on maceral analysis and ichnofossil assemblages (figure adapted from Pasley et al. (1991)).
Compare to similar plots for Tocito • Mancos interval in Newsom and Angel Peak cores (Figures 36 and 37).
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FIGURE 36. Relationship between hydrogen index (HI) and t~1al organic carbon 
(TOC) for samples from Tocito - Mancos interval in Newsom core. 
Regressive and transgressive sediments plot as separate fields. 
Maceral analysis and ichnofossil assemblages confirm inferences 
proposed by Dean etal. (1986) concerning bottom water oxygen 
and terrestrial organic carbon input. Compare to similar plots for 
Tocito - Mancos interval at Bisti oil field and in Angel Peak core 
(Figures 35 and 37).
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FIGURE 37. Relationship between hydrogen index (HI) and total organic carbon 
(TOC) for samples from Tocito • Mancos interval in Angel Peak 
core. Regressive and transgressive sediments plot as separate 
fields. Inferences proposed by Dean etal. (1986) concerning bottom 
water oxygen and terrestrial organic carbon appear correct based 
on maceral analysis and ichnofossil assemblages. Compare to 
similar plots for Tocito - Mancos interval at Bisti oil field and in 
Ne'jvsom core (Figures 35 and 36).
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samples plot as the lowest field and contain the most TOM. 
Bottom water oxygen conditions can also be inferred from 
these diagrams and the results appear to agree with the 
ichnofossils present in the Tocito - Mancos interval.
Recent work has shown that trace fossil assemblages are 
closely related to bottom water oxygen conditions (e.g. 
Bromley and Ekdale, 1984; Jordan, 1985; Savrda and Bottjer, 
1986; Ekdale, 1985; 1988; Ekdale and Mason, 1988). The 
regressive lower Tocito is commonly burrowed (ichnofabric = 
2-4) and contains abundant Chondrites. common Teichichnus. 
Planolites and Zooohvcos. and minor Thalassinoides (Appendix 
B and Bergsohn, 1988). This fodinichnia-dominated 
assemblage represents aerobic or dysaerobic bottom water 
conditions (Ekdale and Mason, 1988). In contrast, the lack 
of noticeable burrowing ("no-ichnia" or ichnofabric = 1 with 
rare Chondrites and Zoophvcos) in the transgressive upper 
Mancos Shale above the Tocito is indicative of dysaerobic or 
anaerobic conditions. This change in bottom water oxygen 
conditions with stratigraphic position can be seen in 
Figures 35b, 36 and 37.
Therefore, several distinct differences can be seen in 
the organic matter preserved in the Tocito - Mancos 
interval. The transgressive Mancos Shale above the Tocito 
Sandstone contains the least TOM and the most amorphous non- 
structured protistoclasts. Terrestrial organic matter that 
is found in the transgressive shale is highly degraded.
Where thermal maturity is sufficiently low (e.g. Bisti oil 
field), fluorescence intensities are noticeably higher in 
the amorphous macerals from the transgressive shales. The 
organic matter in the transgressive Mancos is more hydrogen- 
rich as evidenced by programmed pyrolysis measurements (HI
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and S2). Results from pyrolysis-gas chromatography confirm 
that organic matter in the transgressive Mancos Shale above 
the Tocito Sandstone is hydrogen-rich (Pasley et al., 1991). 
The transgressive shales also have consistently higher TOC 
values. Finally, based on trace fossil assemblages and the 
organic matter present, bottom water conditions during 
deposition of the transgressive Mancos Shale above the 
Tocito were the least oxygenated and may have been anoxic. 
The results of this study confirm the ideas presented by 
Rice and Gautier (1983) that marine shales in the Cretaceous 
Western Interior are of two types: 1) thin, transgressive 
shales which contain abundant marine organic matter and form 
major oil source beds, and 2) thick, progradational shales 
which are coarser grained and contain smaller amounts of 
organic matter that is mostly terrestrial in origin.
EOCENE - OLIGOCENE TRANSGRESSIONS. ST. STEPHENS QUARRY
Study of POM in a stratigraphic context at St. Stephens 
Quarry reveals a direct relationship between organic matter 
type and preservation and transgression of the shoreline 
(Figure 17). Much like the transgressive surface at the 
base of the upper Tocito interval, the transgressive surface 
at the base of the Mint Springs Marl is marked by a drastic 
reduction in the amount of terrestrial organic matter. This 
reduction is related to the transgression of the Forest Hill 
- Red Bluff deltaic deposits that are present in 
Mississippi. The Red Bluff Clay in St. Stephens Quarry was 
deposited as the fine-grained equivalent to this delta 
system and contains abundant well preserved phytoclasts.
The calcareous Mint Springs Marl was deposited on the shelf
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as the delta was transgressed and terrigenous sediment (and 
TOM) supply greatly reduced.
Organic matter in the shell hash associated with the 
starvation surface at the top of the Shubuta Clay in St. 
Stephens Quarry records the effects of sediment starvation. 
The POM in this thin deposit is mostly autochthonous 
(amorphous non-structured protistoclasts) and any 
terrestrial organic matter that is present in the shell hash 
is highly degraded (Figure 38). The increase in TOM above 
this surface (Figure 17) is indicative of renewed 
terrigenous influx to the shelf following this 
transgression. This increase is slight in the Red Bluff 
Clay / Bumpnose Limestone because terrigenous sediment 
influx remained relatively low until sediments directly 
associated with the Forest Hill delta reached the St. 
Stephens Quarry area.
STRATIGRAPHIC SIGNIFICANCE OF ORGANIC MATTER VARIATIONS 
From this and other work (Habib and Miller, 1989;
Leckie et al♦. 1990; Pasley and Hazel, 1990; Pasley et al.. 
1991; Posamentier and Chamberlain, in press), it has become 
apparent that the nature of organic matter deposition has 
stratigraphic significance. Important differences can be 
observed petrographically in the POM that is deposited in 
transgressive intervals when compared to the underlying 
regressive sediments. These differences suggest that less 
terrestrial organic matter is delivered to the shelf during 
transgression of the shoreline and the terrestrial organic 
matter that is deposited during transgression is reworked 
from below, spends more time at the sediment-water
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FIGURE 38. Maceral composition for a sample from the shell hash at the 
top of the Shubuta Clay at St. Stephens Quarry. Marine 
hiatus is resolved at this surface (Pasley and Hazel, 1990) 
and dominance of amorphous non-structured protistoclasts 
is indicative of sediment starvation. Phytoclasts are rare 
and highly degraded, (modified from Pasley and Hazel, 1990).
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interface, and/or is exposed to more biodegradation during 
transport. These observations are not unexpected when one 
considers the nature of transgressive shelf sedimentation. 
During transgression of the shoreline, terrigenous sediment 
is deposited in estuarine and coastal environments and, 
consequently, little is introduced to the shelf (Swift,
1976; Dominguez et al.. 1987; Nummedal and Swift, 1987; 
Jervey, 1988; Loutit et al.. 1988; Posamentier and Vail,
1988; Roberts and Coleman, 1988; Leithold and Bourgeois,
1989). Studies of modern estuaries have proven them to be 
efficient sediment traps (McCave, 1973; Nichols and Biggs,
1985). Of special interest to this discussion is the work 
of LeBlanc et al. (1989) who found that the amount of 
terrestrial organic matter decreases steadily seaward in the 
estuarine environments of Negro Harbor, Nova Scotia. Using 
fatty acid and 13C measurements, they reported that the 
organic matter in sediments 3 km from where the river 
entered the estuary was over 70% terrestrial in origin. 
Sediments 12 km from the river mouth, however, contained 
only 10% terrestrial organic matter. Similar results have 
been reported for the estuarine environs in the Bay of 
Biscay (Fontugne and Jouanneau, 1987), Gulf of St. Lawrence 
(Lucotte et al., 1991) and the Amazon (Showers and Angle,
1986). This work on modern depositional environments 
suggests that, during transgressions, terrestrial organic 
matter is trapped in estuarine environments and is probably 
deposited on the shelf only after spending considerable time 
exposed to bacterial and fungal degradation.
In a study of both maceral facies and palynofacies in 
Upper Cretaceous shelf sediments in the Atlantic Coastal 
Plain, Habib and Miller (1989) concluded that changes in POM
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can be useful in delineating transgressive and regressive 
intervals. They demonstrated that transgressive sediments 
contained a larger number of dinoflagellate species and a 
maceral facies dominated by amorphous debris. Maceral 
facies in regressive sediments contained more terrestrially 
derived POM (vascular tissue and inertinite). The findings 
of Habib and Miller (1989) are in agreement with those 
reported here and indicate that organic facies change 
predictably as shelf sedimentation changes from regressive 
to transgressive.
In addition to petrographic differences, changes in the 
amount and composition of organic matter can be identified 
when samples below transgressive surfaces are compared to 
those above. Transgressive sediments in the Tocito - Mancos 
interval of the San Juan Basin contain more organic carbon 
and yield relatively high amounts of pyrolyzable 
hydrocarbons (using the nomenclature of Jones (1987), 
organic facies B and BC). Similar results have been 
reported for transgressive sediments in the Canadian portion 
of the Cretaceous Western Interior (Leckie et al.. 1990; 
Posamentier and Chamberlain, in press). The lower Tocito in 
the San Juan Basin and examples from the Gulf of Mexico 
(Dow, 1984; Pasley et al.. 1988) indicate that sediments 
deposited on the shelf during regression contain organic 
matter that is relatively hydrogen-poor (organic facies C or 
CD). Organic matter variations between transgressive and 
regressive sediments are more easily recognized when 
pyrolysis data (HI and TOC) are plotted against 
stratigraphic position (e.g. Figures 28 or 32) and seem to 
imply that transgressive shelves are more prone to 
experience anoxic bottom water conditions. This agrees with
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the model discussed by Wignall (1991a) in which 
transgression introduces low-oxygen water from deeper parts 
of the basin. According to this model, the combination of 
subsidence, sea level rise, and decreased sediment supply 
during transgression results in expansion of the "puddle" of 
deep water into shallower water settings. Therefore, 
observations made by Wignall (1991a) on the Lower Jurassic 
of England may be pertinent to the Cretaceous Western 
Interior Seaway as well as to other shelf depositional 
settings.
Given this relationship between transgressive 
sedimentation and organic matter type and preservation, 
the study of organic matter within a stratigraphic context 
provides important information concerning the location 
of both transgressive surfaces and starvation surfaces. 
Transgressive surfaces are formed by a reduction in the 
amount of terrigenous sediment that reaches the shelf 
environment (cf. Nummedal and Swift, 1987) and the examples 
discussed above demonstrate that distinct changes in organic 
facies can be recognized at transgressive surfaces. 
Similarly, starvation surfaces can be recognized as minimums 
in both the amount of phytoclasts and their preservation. 
Sediments deposited above starvation surfaces are the result 
of an increase in the terrigenous sediment supply to the 
shelf and general increases in both the amount of 
phytoclasts and their preservation are observed in these 
sediments. Therefore, these results suggest that 
integration of data from the characterization of organic 
matter with those from other disciplines (sedimentology, 
regional stratigraphy, and biostratigraphy) provides greater 
resolution in locating transgressive surfaces and surfaces
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of maximum starvation. These two surfaces are important 
because they bound depositional systems tracts within 
depositional sequences (Figure 1).
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chapter 5.
ORGANIC MATTER VARIATIONS IN A DEPOSITIONAL SEQUENCE
ORGANIC MATTER AND DEPOSITIONAL SYSTEMS TRACTS
Examination of findings from maceral analysis at St. 
Stephens Quarry in a sequence stratigraphic context 
indicates a relationship between the type and preservation 
of POM and depositional systems tract (Figure 39). Maceral 
assemblages in the transgressive systems tract are dominated 
by amorphous non-protistoclasts which are thought to be of 
marine algal in origin. Phytoclasts that are present in 
this systems tract are highly degraded. An example of this 
maceral facies can be observed in the transgressive systems 
tracts from two different sequences (Shubuta Clay and Mint 
Springs Marl, Figures 40 and 41). Sediments in the lowstand 
systems tract contain abundant phytoclasts that are commonly 
well preserved (Red Bluff Clay, Figure 42). This 
relationship between organic matter type and preservation 
and depositional systems tract is apparently a result of the 
relative importance of progradational depositional systems 
in each systems tract. Shelf sediments in the lowstand and 
highstand systems tracts are influenced heavily by 
progradation (hence their aggradational or progradational 
stacking patterns) and, as a consequence, contain 
considerable amounts of well preserved phytoclasts. 
Autochthonous organic matter is much more common in the 
transgressive systems tract because progradation of 
depositional systems onto the shelf is of lesser extent 
(which results in an overall retrogradational stacking 
pattern). In addition, this relationship implies that data
81
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FIGURE 41. Average maceral composition for 3 samples from the Mint Springs Marl 
(and basal Marianna Limestone) at SL Stephens Quarry, Alabama.
These sediments were deposited in the transgressive systems tract. Note 
abundance of non-structured protistoclasts and similarity to maceral 
composition for Shubuta Clay from transgressive systems tract in 
underlying sequence (Figure 40). Figure adapted from Pasley and 
Hazel (1990).
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FIGURE 42. Average maceral composition for 7 samples from the Red 
Bluff Clay at S t Stephens Quarry, Alabama. This unit was 
deposited in the lowstand systems tract. Note abundance 
of phytoclasts. Compare to maceral assemblages in 
transgressive systems tracts (Figures 40 and 41).
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from the characterization of organic matter can be used in 
sequence stratigraphic interpretations (Pasley and Hazel, 
1990; Paslev et al.. 1991; Pasley, 1991).
Examination of pyrolysis data from the San Juan Basin 
(Figures 29 and 30) in the context of the sequence 
stratigraphy for this interval (Figures 10 and 11) reveals 
that changes in the amount and composition of organic matter 
are related to the depositional systems tract in which the 
organic matter is found (see also Appendix D). Organic 
matter deposited on the shelf in the lowstand and highstand 
systems tracts is less hydrogen-rich than those deposited in 
the transgressive systems tract. In addition, shelf 
sediments in the transgressive systems tract tend to be more 
organic-rich (higher TOC). This suggests that both the 
organic richness and organic facies, as defined by Jones 
(1987), change predictably in a sequence stratigraphic 
framework.
However, comparison of the sequence stratigraphic 
interpretation presented in Figure 14 with that presented by 
Pasley and Hazel (1990) reveals a distinct difference in the 
placement of the sequence boundary. The fact that the 
integration of organic petrologic data into sequence 
stratigraphy by Pasley and Hazel (1990) failed to recognize 
the Red Bluff Clay / Bumpnose Limestone and Red Bluff Clay 
were deposited in the lowstand systems tract rather than the 
highstand systems tract illustrates two important points. 
First, organic matter from the highstand and lowstand 
systems tracts can appear similar; a result not entirely 
surprising when one considers that these systems tracts 
share similar stacking patterns. This implies that, 
although the use of data from the characterization of
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organic matter in sequence stratigraphy is very helpful in 
the identification of transgressive surfaces and surfaces of 
maximum starvation, identification of sequence boundaries 
requires considerable amounts of regional stratigraphic 
information. It is important to remember that organic 
matter changes that occur on the shelf are related to 
transgressions and regressions of the shoreline and not 
necessarily to the downward shifts in coastal onlap that are 
associated with sequence boundaries.
Secondly, just as the ideal cyclothems described by 
Wanless and Weller (1932) are seldom observed at one 
location, not all vertical sections (either boreholes or 
outcrops) contain all of the components of a particular 
depositional sequence. The starvation surface at the top of 
the Shubuta that is readily identified with organic 
petrology and biostratigraphy (Pasley and Hazel, 1990) 
represents the entire highstand systems tract and sequence 
boundary. Rigid application of the model depicted in Figure 
1 has led previous workers to assign the Red Bluff Clay / 
Bumpnose Limestone and Red Bluff Clay interval to the 
highstand systems tract based on identification of the 
surface of maximum starvation and condensed section. Hence, 
the section at St. Stephens Quarry demonstrates that 
modification of the stratigraphy by sediment starvation 
(such as that documented in southern Alabama by Coleman 
(1990)) or transgressive erosion must be considered (cf. 
Nummedal and Swift, 1987; Posamentier and James, 1991; Riley 
and Nummedal, 1991).
IMPLICATIONS TO SEQUENCE STRATIGRAPHIC INTERPRETATIONS
The results of this study imply that data from organic
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matter characterization can be integrated into sequence 
stratigraphic interpretations (see also Pasley and Hazel, 
1990; Posamentier and Chamberlain, in press). This 
integrated approach not only employs commonly discussed 
sequence stratigraphic techniques (e.g. Vail, 1987; 1990; 
Vail and Wornardt, 1990) but also uses the relationships 
between organic matter deposition and transgressions of the 
shoreline to enhance the resolution in locating surfaces 
that bound depositional systems tracts in a depositional 
sequence. It is suggested that this approach improves 
precision in the location of transgressive surfaces and 
surfaces of maximum starvation (or downlap surfaces). 
Delineation of these surfaces is important to sequence 
stratigraphic studies of well log, core, and outcrop data 
(e.g. Nummedal and Swift, 1987; Nummedal et al.. 1989a; Van 
Wagoner et al., 1990).
Specifically, well log cross-sections and observations 
from core descriptions are used to correlate packages of 
similar stacking patterns. Transgressive systems tracts, 
for example, are identified in the well logs as intervals of 
retrogradational stacking of depositional systems. In core 
and outcrop, lithologic aspects such as a decrease in grain 
size, change in ichnofabric, or an identifiable 
disconformity are important in identification of 
transgressive surfaces. However, the combination of log, 
core and/or outcrop data commonly provides more than one 
plausible alternative for the location of the transgressive 
surface that forms the lower boundary of the transgressive 
systems tract. Precision in sequence stratigraphic 
interpretations is improved when transgressive surfaces are 
identified as a change in well log stacking pattern from
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progradational / aggradational to retrogradational that 
coincides with the lithologic characteristics described 
above, decreases in percent terrestrial organic matter (TOM) 
and degradational index (D), and increases in total organic 
carbon (TOC) and hydrogen index (HI). An example of the 
utility of this integrated approach can be seen in the 
location of the transgressive surface at the base of the 
transgressive systems tract in Sequence C in the Angel Peak 
core (5,775 feet 6 inches; see Figures 11 and 24 and 
Appendices A, B, and D). The precise location of this 
surface is confirmed because it is recognizable in the core, 
correlatable on the logs, and is marked by an increase in 
TOC, HI, and S2 and a decrease in TOM and D (Figures 24 and 
32 and Appendix D).
Surfaces of maximum starvation are identified on well 
log cross-sections as correlatable intervals of relatively 
high gamma ray counts that separate a backstepping stacking 
pattern from one that is progradational. Lithologically, 
surfaces of maximum starvation are commonly characterized by 
the presence of concretions (calcareous, pyrite-rich, or 
septarian), fossil-rich zones (primarily Inoceramus 
fragments), phosphatized shell fragments, and/or changes in 
ichnofabric. Data from maceral analysis provide additional 
information in locating these surfaces as minimums in both 
TOM and D values. The surface of maximum starvation that 
forms the boundary between the highstand and transgressive 
systems tracts in Sequence B in the Newsom core (6,663 feet; 
see Figures 10 and 20 and Appendices A, B, and D) exhibits 
these characteristics.
Close examination of the well logs and cores from the 
Newsom and Angel Peak wells reveals that the resolution of
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sequence stratigraphic interpretations is enhanced by the 
use of data from organic matter characterization in 
conjunction with well log correlations, core descriptions, 
and regional stratigraphic relationships. Integration of 
these data into sequence stratigraphy is possible because 
each systems tract in a depositional sequence has a 
distinctive depositional style that affects the rate of 
terrigenous sediment supply to the shelf and, consequently, 
the type and preservation of organic matter. This 
integrated approach to sequence stratigraphy is summarized 
in Table 5.
IMPLICATIONS TO PETROLEUM SOURCE ROCK PREDICTION
It has been suggested that the Mancos Shale interval 
contains the major petroleum source rocks for the San Juan 
Basin (Ross, 1980; Rice, 1983). Sufficient data were 
generated during the course of this study to properly 
evaluate the petroleum source potential of a large portion 
of the Mancos Shale. The lower Tocito interval in both the 
Newsom and Angel Peak cores and at Bisti oil field is 
typical of Organic Facies C (Jones, 1987) and possesses no 
appreciable source potential. The same is true for the 
Carlile interval of the Lower Mancos Shale directly below 
the Juana Lopez Member (Semilla equivalent). These shales 
are low in TOC and HI and the most common macerals are of 
terrestrial origin. In the Bisti samples, fluorescent 
intensities for the amorphous material in the regressive 
lower Tocito are, at best, low. However, the Carlile 
interval above the Bridge Creek Member (between 6100' - 
6150# in the Angel Peak core), the lower part of the Juana
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TABLE 5. Summary of relationship between systems tracts, their bounding surfaces, well log character, and organic matter 
characteristics. This table is envisioned to form the basis of an integrated approach to sequence stratigraphy. Well 
log signatures talien from Vail (1990) and Vail and Womardt (1990).
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Lopez Member, and the Upper Mancos Shale directly above the 
Tocito Sandstone (Mulatto Tongue equivalent) possess 
excellent source potential. These transgressive, marine 
shales contain sufficient organic matter that is hydrogen- 
rich. Petrographically, the organic matter in the 
transgressive Upper Mancos (Mulatto Tongue) fluoresces 
strongly in the Bisti samples and is mostly marine algal in 
origin (amorphous non-structured protistoclast). These 
findings agree with the assertion that most of the petroleum 
source rocks in the Cretaceous Western Interior are 
transgressive in nature (Rice and Gautier, 1983).
One of the appealing aspects of sequence stratigraphy 
is that it provides a framework for predictions concerning 
the nature of sedimentary basin fill (e.g. Vail, 1987; 
Jervey, 1988; Posamentier and Vail, 1988; Vail and Womardt,
1990). While these predictive capabilities have been 
applied to reservoir facies, information concerning detailed 
source rock predictions in a sequence stratigraphic 
framework is lacking. Previous workers have suggested that, 
in a given depositional sequence, the condensed section 
facies should contain the best marine source rocks (e.g. 
Vail, 1987). However, the intervals listed above (the 
Carlile above the Bridge Creek, the lower Juana Lopez, and 
the Mulatto Tongue equivalent of the Upper Mancos) possess 
considerable source potential and are not exclusively 
condensed sections. These units were deposited as offshore 
marine sediments in the transgressive systems tracts of 
Sequences A, B, and C (Figures 10 and 11; Appendices A and 
D). The surfaces of maximum starvation (also known as 
downlap or maximum flooding surfaces) in each of these 
sequences are generally found at the top of the intervals
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containing the optimum source potential. In some cases, 
potential source sediments directly overlie the 
transgressive surface that forms the lower boundary of the 
transgressive systems tract. Values for TOC and HI (and, as 
a consequence, source potential) generally decrease as one 
moves upward from the surface of maximum starvation into the 
highstand systems tract. Studies on the Cretaceous in 
Canada have also found meaningful source potential in 
transgressive shales below the condensed section associated 
with the downlap surface and only a short distance above the 
transgressive surface (Leckie et al.. 1990; Posamentier and 
Chamberlain, in press). Models described by Wignall 
(199lab) indicate that organic-rich shales are most common 
in the transgressive systems tract and are not symmetrically 
distributed about the surface of maximum starvation. These 
results, in conjunction with the findings of the present 
study, suggest that the best marine petroleum source rocks 
are found in the offshore, fine-grained intervals of the 
transgressive systems tract below the condensed section 
facies that contains the downlap surface.
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Chanter 6.
CONCLUSIOHS
Integration of data from the characterization of 
organic matter with sedimentologic and stratigraphic 
observations has shown that organic facies deposited in 
shelf environments change predictably across surfaces 
associated with transgressions of the shoreline. Examples 
from the Eocene - Oligocene boundary section at St. Stephens 
Quarry in southwestern Alabama and from the Upper Cretaceous 
of the San Juan Basin of New Mexico have been used to 
demonstrate these changes.
The amount of terrestrial organic matter decreases 
markedly as a percentage of the total organic matter as one 
moves upward from sediments deposited during regression 
below a transgressive surface into those that are associated 
with regional transgression above. In deposits associated 
with transgressions phytoclasts are highly degraded and, 
where thermal maturity is sufficiently low, amorphous 
macerals exhibit high fluorescent intensity. Shelf 
sediments deposited during regression typically contain 
abundant well preserved phytoclasts and weakly fluorescent 
amorphous macerals. Examination of data from maceral 
analysis in a stratigraphic context is useful in locating 
transgressive surfaces especially when other lithologic 
criteria associated with transgressive surfaces are 
equivocal or missing.
Surfaces formed on the shelf by the starvation of 
sediment can also be recognized more clearly when data from
94
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organic matter characterization are used. Maceral analysis 
reveals that sediments associated with these surfaces 
contain less terrestrial organic matter than sediments above 
and below and that phytoclasts associated with starvation 
surfaces are the most degraded. Sediments above the 
starvation surface contain increasing amounts of well 
preserved terrestrial organic matter.
In addition to changes in maceral facies, both the 
amount of organic matter (%TOC) and its composition (as 
measured by Hydrogen Index) change at transgressive 
surfaces. Transgressive shelf sediments generally contain 
more organic carbon and yield more pyrolyzable hydrocarbons 
than their regressive counterparts. When TOC and HI are 
plotted against one another, transgressive sediments plot 
separately from the underlying regressive deposits. As 
suggested by Dean et al. (1986) and Dean and Arthur (1989), 
this procedure reveals information concerning terrestrial 
organic carbon input and bottom water oxygen conditions.
This information, along with observations on trace fossil 
assemblages, suggests that transgressive shelves more 
commonly experience dysaerobic or anaerobic bottom water 
conditions than those that are influenced by prograding 
depositional systems.
From comparison of the organic matter found in 
regressive and transgressive sediments, it becomes clear 
that the type and preservation of organic matter deposited 
on the shelf is related to the amount of terrigenous 
sediment that reaches the shelf. This finding has special 
relevance to the lithogenetic approach employed in sequence 
stratigraphy. Because each systems tract in a sequence 
exhibits a characteristic stacking of depositional systems,
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the amount of terrigenous sediment delivered to the shelf 
varies with changing systems tracts. Therefore, a direct 
relationship between type and preservation of organic matter 
and position within the depositional sequence can be 
discerned. Lowstand systems tracts generally contain 
organic matter that is both terrestrial in origin and well 
preserved. Both TOC and HI values in these sediments are 
low. In contrast, shelf deposits in the transgressive 
systems tract contain sparse, highly degraded phytoclasts 
and exhibit high TOC and HI values. Sediments from the 
highstand systems tract typically display a gradual decrease 
in TOC and HI and an increase in the amount of well 
preserved phytoclasts as one moves upward from the surface 
of maximum starvation (also known as the maximum flooding 
surface or downlap surface).
The relationship between organic matter type and 
preservation and position within the depositional sequence 
makes an integrated approach to sequence stratigraphy 
possible. The addition of data from organic matter 
characterization to those commonly used in sequence 
stratigraphy (well log correlations, core and outcrop 
descriptions, biostratigraphy, and regional stratigraphic 
relationships) provides greater resolution in the location 
of critical surfaces (namely transgressive surfaces and 
surfaces of maximum starvation) that bound depositional 
systems tracts with the depositional sequence. Location of 
these surfaces is important to sequence stratigraphic 
studies concerned with intervals that are below the limit of 
seismic resolution.
Finally, because a relationship between organic matter 
characteristics and position within a depositional sequence
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exists, the predictive capabilities of sequence stratigraphy 
can be applied to marine petroleum source rocks. Previous 
workers have suggested that the best source rocks are found 
in the condensed section associated with the downlap 
surface. Recent work by Wignall (1991ab) indicates that 
petroleum source potential is not symmetrically distributed 
above and below the downlap surface. Results presented here 
agree with the latter assertion and have shown that optimum 
source potential is typically found in the transgressive 
systems tract below the condensed section. In some cases, 
appreciable source potential can be recognized in shales 
directly above the transgressive surface that forms the 
lower boundary of the transgressive systems tract.
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Appendix A 
WELL LOG CROSS-SECTIONS
Two well log cross-sections used in this study are 
presented as Plates 1 and 2 (pocket). Previous subsurface 
work by McCubbin (1969), Molenaar (1983; 1989), and R. 
Bottjer (1989, written communication) was used as a 
framework for the correlations presented here. These well 
log cross-sections concentrate on the stacking of 
depositional systems and use Van Wagoner et al. (1990), Vail 
(1990) and Vail and Womardt (1990) for sequence 
stratigraphic interpretation of these stacking patterns.
The sections, shown as A-A' in Figure 4, use the same 
well logs and correlate the same stratigraphic interval but 
they differ in the choice of datum. The first section 
(Plate 1) uses the base of the Bridge Creek Limestone Member 
of the Mancos Shale as a datum. This datum is especially 
useful for correlation of the section up to the Juana Lopez 
Member of the Mancos Shale. The second section (Plate 2), 
also A-A', uses the maximum flooding surface above the 
Tocito Sandstone as a datum. This surface is recognized at 
the base of the resistive package which is thought to be 
correlative to the "Skelly" zone as used by Bergsohn (1988). 
The higher datum allows for more accurate correlations in 
the strata above the Juana Lopez Member. Section A-A' 
represents a south-to-north dip section for the first four 
wells (Dome Federal, Helen Hasuse, Huerfano Unit, and 
Newsom). Correlation from UTPC Newsom A3E (A20) to UTPC 
Angel Peak B#37 (the two wells from which cores were 
studied) is essentially along depositional strike.
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Appendix B 
MEASURED SECTION AND CORE DESCRIPTIONS
MEASURED SECTION - ST. STEPHENS QUARRY. ALABAMA
The detailed measured section for the interval exposed 
in the north quarry, St. Stephens Quarry is given in Figure 
Bl. The location for this outcrop is: Section 32, T. 7 N.,
R 1 W., Washington County, Alabama. The section is 
presented here as taken from Pasley and Hazel (1990). Other 
pertinent references include: Cooke (1926), MacNeil (1944),
Hazel et al. (1980), Mancini and Copeland (1986), Mancini 
and Tew (1988) and Mancini et al. (1989).
CORE DESCRIPTIONS - SAN JUAN BASIN
Union Texas Petroleum Corporation Angel Peak B#37
This well was drilled in 1983 and is located in NE NE 
Section 24, Township 28 North, Range 11 West in San Juan 
County, New Mexico. Ground elevation at this location is 
5901 feet and total depth of the well was 6330 feet. 
Conventional core was recovered from 5400 to 6274 feet and 
is currently housed in the Amoco Core Research Facility in 
Tulsa, OK. Results from this core are presented in Chapter 
2 (Figures 10, 14, 18, and 20) and Appendix C. A detailed 
lithologic description of the cored interval is given in 
Figure B2. All depths are reported in feet and are not
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corrected to log depths. Rock colors are from the Rock- 
Color Chart prepared by Goddard et al. (1970) and were 
estimated on wet core slabs. Ichnofabric was estimated on 
the scale presented by Droser and Bottjer (1986).
Union Texas Petroleum Corporation Newsom A3E fA20)
This well, which is located in NW SE Section 4,
Township 26 North, Range 8 West in San Juan County, New 
Mexico, was cored from 6210 feet to 6801 feet in 1983.
Ground elevation at this location is 6812 feet and the well 
was drilled to a total depth of 7334 feet. The Newsom core 
is also currently the property of Amoco Production Company 
and is housed in Tulsa, OK. Results from this core are 
presented in Chapter 2 (Figures 11, 15, 19, and 21) and 
Appendix C. A detailed lithologic description of the cored 
interval was obtained using the same methods as in the Angel 
Peak core. The core description for the the Newsom well is 
given in Figure B3.
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Meters Lithostrattaraphv UthOlQflY 
1Z0
Marianna 
Limestone
Mint Springs 
Marl s. -
10.0
Red Bluff 
Clay
8.0
6.0
Red Bluff 
Clay / 
Bumpnose 
Limestone
4.0
Shubuta
Clay
2D
Pachuta 1 
Marl
0.0
Covered
Interval
Covered
Interval
Description
5£(11.0C-top of section) Light tan merl witti 
Increasing induration upward Glauconite found 
to lanaaa associated wMt fonme. Trace pyrito 
and phoaphala, byozoans, cotate, and pelycpods 
praaant. Abundant horizontal burrows near top of 
urM, forme upper bench to north quany 
&  (10.90-11.00 m) Light tan cslcaraous day 
containing 9% sM with trace phosphate.
Phosphate alao occurs as 2-3cm thick ianaas with 
minor glauconite and forame.
5 t (10.70-10.80 m) Light tan calcareous day 
with forge (up to 2000pm) phoaphala dasto, 
glauconitic, oyster foesBt present, loser 
contact toegdar but sharp (burrowed 7)
4  (820-10.70 m) Daifcgreervbrcwn calcareous 
day with very Itfe d it content Fossils sparse but 
toduda petocypods, gastropods, scaphopods, and 
forams, gradational tower contact with unK 31
31 (8.00-820 m) Light tan wedwatone nodules 
draped by dark green paiecypod shal hash. 
Nodules typicaly 0.5x0.2m with trace pyrite 
3h (7.45-8.00 m) sea 3b 
3g (7.00-7.45 m) Blue-gray calcareous day with 
5% ate, Sacs phosphate, molusk and forams 
foasis common 
®  (690-7.00 m) saa 3b
3b (6.00-6.50 m) light ton calcareous day, lenses 
containing 10-15% ate and sand (90 pm), 
34(5.60-6.00 m) ass 3b 
3c (5.06-5.60 m) Blua-gray calcareous day with 
ate content increasing upward Unit contains 
glauconite, phosphate, shark tsato and abundant 
shel fragments
3fe (4.60-5.05 m) Light tan wackastone, atey and 
argteaceous, considerable glauconite, trace 
phosphate, abundant petecypod and gastropod 
fragments, ledgs former
3 t (3.95-4.60 m) Dark blue-gray calcareous day 
with sharp and irregular tower contact marked by a 
moluak shel hash 1-2 cm thick that contains 
shark teeth. Unit is glauconitic and phosphatic, 
pyrite, bryozoan frepnents also present
2b (3.55-395 m) Light greenish gray (turquoise) 
day. SM content increases from 5-8% upward. 
Upper 5 cm dteplays marked increase to shel 
material
2a (3.10-3.56 m) Light greenish gray (turquoise) 
day with no nolicable sM, glauconitic
1(195-1,5 m) Light gray marl, argteaceous, 
gteueonMlc, phosphatic nodules common, 
considerable s it content, abundant bryozoans, 
sponges, petocypods, and horizontal burrows, 
forms Roor of north quarry
FIGURE B1. Measured section for the exposure at St. Stephens Quarry (north quarry) in
Washington County, Alabama. Arrows indicate location of samples. Figure 
from Pasley and Hazel (1990).
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Union Texas Petroleum Co.
Angel Peak B#37 
NE Sec. 24-T28N - R11W 
San Juan County, NM
K.B.5901'
GRAIN S  | t
DEPTH SIZE «  7  -  -
Feet
ICHNOFABRIC 
2  3 4
5400* -  5424 Shale, aive black
(SY 2/1), sat occum as hummocky 
cress stratification (HCS) s 1 cm 
thick, calcareous with scattered 
InoceramtM fragments, layer 
at 5405*7
542? -  5433* Merbedded medium
gray (N5) muddy sandstone and 
oSva black (5Y 2/1) ahaie, sand- 
slona -  60% o( reck and mostly 
88-125 |un In either hummocky 
crest atatHication (HCS) or ripple 
cress stratification (RCS), 
Chondrites, and minor P ta n o ite s  
5433*-5441* Merbedded medium
gray (N5) muddy sandstone and 
oiivt biack (5Y 2/1) shale, sand­
stone -4 0 %  o( rock and mostly 
88-125 |un in either HCS or HCS, 
bottom contact gradational, few 
scattered fish scales 
5441* -  5498T Shale hmwrish
black (5YR 2/1) and calcareous, 
sit and some 88 |un sand laminae 
decreasing from 20% to 5% down, 
abundant scattered ktocatamus 
fragments with 5 a n  thick layer at 
5473*, pyrite laminations common 
S4«»-SS00* Merbedded shale
and muddy sandstone, sand as 
88 |im  in laminae or HCS, top 
and bottom gradational 
5500*-5513* Shale, dark gray
to grayish black (N2-N3) and 
calcareous, sHt and 88 pm sand 
lam in ae-10% of unt 
5513*-5514* 6 - Interbedded shale
and muddy sandstone, top and 
bottom gradational, tare 
Zbcphycos, layer of 250-350 pm 
sand w ih numerous Inocmunus 
fragments, phosphate grains 
(500-6000 pm), fish scales and 
bones at 5513*6:
5514* 6--5540* Shale, grayish
FIGURE B2. Cora description for UTPC Angel Peak B#37 well.
black (N2), 5-10% aS laminae, 
scattered tnocanmua 
j fragments, commonly pyritic 
jS M ff.-J M ff Inletbeddod ahaie 
I and muddy sandstone, 40% a ll 
I laminae, sand 88 |im  HCS or 
) 125 pm laminae 
•5543?-5547 Merbedded shale 
: and muddy sandstone. 125 pm 
laminae light gray (NE) commonly 
with scouted bases, fish scales 
and phosphate pebbles 
2000-4000 pm
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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DEPTH
GRAIN
SIZE
S'
5900
xxxxxxx
jocUxxx^ ”
XXXXXXXJ
6200-
6300 J
FIGURE B2 (continued). Core description for UTPC Angel Peak B#37 well.
5 5 4 7 -5 5 6 8  Shah, dark grey 
(N3) to brownish black (5YR 2/1). 
uni -15-20%  a il and 88 pm 
sand laminaa. law scattered 
tnocammm fragments 
5568 -  5578 <T SXv shale 
grayish black (N2), unit 
-60-70%  a il and 88 |un 
sand lamina*, law scattered 
tnocaramus fragments
Muddy sand- 
medium grey (N5).
250 |im . abundant tnocaramus 
fragments, rounded phosphate 
pebbles (2000-6000 |tm), 
phosphatized fish bones, 
lower contact sharp
dark gray (N3) to grayish bladt 
(N2) and calcareous, generaly 
laminated wth 125 |un HCS and 
sX and 88-100 pm laminae, 
lower contact gradational 
1559710--5607- Muddy sand- 
i alone, medium gray (N5) and 
j caicareoua.125 pm in laminae 
I tanging from 0 5 -4  cm,
{ abundart shel fragments with 
{ layer at 5603*. upper part 
j contains rare Chondrites, 
lower part has abundant 
Chondrites and ram 
Zocphyccs
5 6 0 7 -5 6 2 8  SXvahaln. 
grayish black (N2) and 
calcareous, aW and 88 |un 
sand lam inae-25% ol uni, 
fnooeramue fragments 
common, calcareous 
concretion at 560810*. 
pyrite laminations common, 
lower contact gradational 
as uni becomes less sity 
5628 - 565? Shale, 
grayish black (N 2)« id  
calcareous, sX and 88 pm 
sand laminae -  5%  d  uni, 
scattered fcoceremu* 
fragments, pyrite 
laminations common 
5652L- 5658 Sandy mud- 
stone, 125 pm sand in 
mudstone matrix, aX and 
88 pm sand laminae 
-6 0 %  of uni, Inooanmus 
shel hash at 5652*
5658 -5664- Shale. sX 
laminae -1 0 %  of uni, 
abundant tioceramu* 
fragments with shel hash 
at 5655*. pyrite lamination 
(2  cm thick) a l 5662'
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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5 6 6 f-5 6 6 g  Muddy sandstone, 
medksn gray (N5). 125 pm and 
laminaied, a ll and 88 pm HCS 
abundant, pyrite common 
S e e g -g fiflfF  Sby shale, ab and 
8B ym aand laminae ■ 2540%  al 
unit and < 0 .3  a n  thick, calcamous 
with scattered foooeramus 
fragments, tap and bottom 
oontada gradational 
S fiflS L fiU S aC . Muddy aandatona 
and ahal haah, aand ia 88 • 125 ym  
but unit ia moatiy fcocammus 
fragments. taw am al horizontal 
burrows (ChonoMeeor flbnoWae?) 
5687-571 or Sby shale, greyish 
Mack (N2) and calcareous, sb and 
88 ym aand laminaliana •  20 %  of 
i r t ,  100 ym aand n th  aharp baaa 
and HCS at 5698 8  (4 cm thick), 
scrtlsrad Inooaramus fragments a a- r  m. . —--*■ n p y n i h u iw iid o w ,  lop » io  d pi- 
tom gradational
5 7 iff-S 7 iff Inlaiboddad aandy 
shale and muddy sandrtone, ahaie 
daifc gray (N3). w th abundant ab  
laminaa and Jnocammue 
fragments, aand 88 -125 ym and 
medwm gray (N5), commonly 
pyrilicwth fcooeranwe hagmania
5 7 1 5 -5 7 2 8  Maibaddad sby 
ahaie and muddy sandricne. aand 
occuraae either 88 ym HCS in aete 
50 A  a n  or aa 125 ym in 1 -  3  cm 
thick bade with HCS, fhoosramu* 
Iragmania common 
5 7 2 8 -5 7 3 8 6 - trterbedded sby
ahalo and muddy aandalana. aand 
occurs aa 125 ym in 1 - 3 cm 
ftiick bade w th HCS. acattorad 
foccaramue iragmania 
5738 6 --574 2- Shale, laminated 
and bentontic, aoma 125 ym muddy 
aandetone, core recovery poor 
5742-5752- Irtarbeddsd abv 
ahala and muddy aandalana, aand 
ocaes as 125 ym in OS cm 
thick beda w th RCS and aa 88 ym 
in tominaliona laaa tftan 0.5 cm 
Zocphyoot and ChonrMaa
5 7 5 7 -5 7 5 5  Sandymudatona. 
aand occum an88 -100 ym in 
dtocortinuaua laminaa 
sns-sns Sandy mudatona. 
aand 68 ym and only 20% of uni. 
Chondrites and Fafeophycoa(7), 
pyrilallling in aoma burrows
5 7 5 8 -5 7 5 8  6: Inleibeddedmuddy 
sandstone and eby shale, medium 
dark gray (N4) and calcareous, aand 
Harfaada 125 ym, RCS, and 80% of 
unit, acatlared toocemmua fragments, 
lower contact sharp and marked by 
250 ym glauconlic aand
S758 6 --5 7 6 7  Sandy mudatona. 
aand is 88 ym and occurs in isolated 
btota,
57 67-5764 -6: Sandy mudatona. 
luninatod arth 125 ym aand in 
RCS 0 5  cm thick
57 64-6 --5768 Sandv mudatona. 
grayish black (N2), aand is 88 ym
5 7 6 8 -5 7 6 7 6 - Sandy mudatona, 
more biaturbaia than ovarlying unit, 
aand 88ym taminna -1 0 %  d  unt, 
pyrtaalbaaa
5767* 6* -5Z7S E  Sandy mudatona,
8 8 -1 2 5  ym aand •  25% oi unt, 
ioocanmus fragments common and 
presort aa layar at baas 
5775-6*-5837 Sandy mudatona, 
medium dark gray (N4) and laaa 
calcareous Stan overlying unto, aand 
variable ip  to 20% d  unt and 88 - 
125 ym, acaOared pyrite, GhoncMes; 
TtichichniM, P ibcphycot, FknoMM; 
and Zocpfqco* 250 ym glauconitic 
aand fet isolated blabs with trace 
phoahpala a t58 286 :
5837-5841 ' Inlerbadded ahaie and 
muddy aandbons, aand Msifaeds at 
5840* and 5841* am 250 ym, 
glaucontic. phosphatic, and pyrtic. 
poorly aortad and faictwfaatsd 
5841* -  5661" Irtaihaddad ahala and 
muddy sandstone, aand inleitoeds are 
175 ym w th RCS, fcocaramuafmg- 
merts scattered, Chandritesand 
Zoopbycoe. upper and lower contacts 
gradational
5861--5864- Sandstone, medium 
dark gray (N4). 350 ym and croea- 
beddad, moderate rounding and 
sorting, -1 0  -15% glauconite, 
phosphate grains common.
Chondrites and other horizontal 
burrows, upper and lower contacts 
gradational
5 8 6 8 -5 8 7 8  Irterbeddadattv 
mudatona and sandstone. Chondrites 
burrows filed with 350 ym 
glaucontic aand
5 8 7 8 -5 8 8 7 4 - Inleibeddedsand­
stone and aby mudstone, aand 
360 ym and glaucontic, 1000 ym 
phosphate grains at baaed  each 
sand bed, each aand irtefbed has 
aharp baaa, top ol unt is gradational 
but baaa ia sharp and marked by 2 cm 
pebbles d  phosphate, chert, and 
abatone, 350 ym glauconitic sand ia 
tound in burrows 10 cm into underlying 
ta il
5887 4- -5 0 4 8  6* Irtarbeddsd ahaie and 
sandstone, ahala is grayish Mack (N2) and 
sightly to non-calcamrous, sands are ather 
12S ym with RCS cr88  -1 0 0  ym w th HCS 
or tominaliona. raw  Chondrites and 
Zocphya * , pyrite taminotiona common,
12 cm aeptarian concretion at 5900*, 5 cm 
nodrtesat5904‘. and5945'
5948 6 --5 9 6 1 -6 - Irtarbeddsd ahala and 
muddy aandatona, ahala ia grayish Mack (N2) 
and non-calcareaua, aand is calcareous,
125 ym w th RCS, Chondrites and 
Zocptiyoom, aaptarianconcrationaat 
5056* (6 an ) and 5957 (20 cm), lower 
contact aharp
5961-6 --5991 ' Shale. Mack (H I), 
non-caicaraoua. fieeite and fairtly 
laminaied, pyrito common fri both blabs 
and iaminrtiona, 2  cm pyrite nodule at 
5977, unt aa a  whole contains vary 
hde sb w th one ib y  zone (18 cm thick) 
at 5981'
5991- -6 0 7 8  Sandy ahala, dark gray (N3) 
and ncn-calcareous, aand 88 ym and 
-30-50%  d  u n i, scattered pyrte, 
Chondritoa, reichichnua,Zoqph7DOS, 
PtoncNiM^and A tftqp tyctfybaM te  
pradaliontl— untbacom— l—a in d y  
tn d  biolurtMlion dacream  
6078-6105- Shale. Mack (N il and 
non-caicareous, fiaala, vary M e  ab, urtt 
is faintly laminaied, top ia gradalianal as
■sb becomes more aby and bioiubation 
jncreaaaa. bottom gradational aasb  
increaaas doawtward
f i l t t T - f i ia r r  Sby ahala. grayish Mack
(N2) and non-calcaraous, distinctly 
laminated as unt -10-25%  ab laminations, 
some laminatione slightly calcareous, top 
and bottom la gradalianal
Inleibedded aby ahala 
and muddy sandstone, same sby shale as 
above but un i -  60% 100 ym sand irtarbeds 
aa both HCS and taminations, aand is 
medium gray (N5) and calcareous and 
commonly pyrilic
6134 --61 77  Sby ahala. grayish Mack 
(N2), slightly calcareous at top and becomes 
ktcriwingly calcareous down, unt -10-20%  
sb laminatione, rare and scattered Inocara/nus 
fragments. Ammonia molds found on bedding 
planes at 61586*, some laminations sandy 
andpyrtized
6177-6181 ' Shale. Mack (N l) and 
calcareous, scattered foocaramus fragments. 
Ammonia molds found on bedding planes 
at 6174", both contacts gradational 
6181' -6195- SHty shale, brownish black 
(5YR 2/1) and calcareous, ab laminations 
-1 5 %  ct rock and seams to increase 
downward, scattered pyrila laminations 
6195--6201'6- Shale. Mack (N l) and 
calcareous, noappredabiesb
FIGURE B2 (continued). Core description for UTPC Angel Peak B#37 well.
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e g o r e r - e a s r  Section C»1 be dividad into lour (4) 
calcareous Khofacias which are repealed:
Fades A: Silty and muddy lime wadtsstone, medium 
dark gray (N 4),>  10-20% of rock is 360 pm gram ath* 
^p eer to be fcrmm shsis, numerous s iia l (1 cm) 
peiecypod fragments, *■  and 88 |un aand laniinalianB 
present, bioufufbaled (lchnofabric = 3), CftewdWss 
Fades R: Shalv Rme mudatona, medkan gray (N5), 
scattered peiecypod fragments, bictubated 
(lchnofabric -3 ) . ChondHteeand Zoaphycos 
Fades C: Lime wackestona, medium ig tt gray (N6), 
hsavfy biotisbated (Ichnofabric -  4) mtti Chondrites, 
TeaMdftnua, and Zoophyoos 
FadesD: SHtyahaie,grayishblack(N2),5-10% att 
laminations, non-biotuibaled (ktm otabric-1), some 
SB |im sand in the a# laminations which range up to 
0.5 cm thick (moat commonly <  0.3 cm thick) 
6 2 o r F -e 2 H *F  Facies A, pyritizsd Inoceramus 
Iragmanlaat 6205', pyrite iaminaticna at 6211' 
6 2 ii* f -6 2 1 2 * f  FadesB  
6 2 i2 *F -6 2 lg 4 - Fades A 
8 2 lg 4 * -6 2 lg  Facias C, bounded above and 
bafoer by 10 cm of sandy (88 |tm) shale, sharp base 
re ig -fig g o re* Fades A 
e g g ff4 --egar FaciesD 
6231-6231’ F  Fades a  
623^•F-6232^4', FadesC  
f iz a z ^ f iz a a  FadeaA  
( jxa r-sxa re r FadesD.withpyrtelaminations 
623gfir-624T Fades B
6241' -  fi24g 10* Fades 0 , except Ichnofabric x  2
e g 4 g iF -6 2 4 g  FadasC
8g4g- 624gfir FadesA
6 2 4 g F -6 2 S i* Fades D, with pyrte laminations
6251' -6253* Facies C
6253—8257* FadesA
62S7*-626g Shale,black(N1).calcareous,5-10% s *. 
scattered and sma* peiecypod fragments, core broken, 
jhoceramuv fragment layer at 6261*, pyrite common 
826?-82741 (bottom of core! Sandy shale, black (N1). 
aand-4 0 %  of unt, some pyrite near top, scattered 
amalf fnoceramus fragments
BENTONITES
5533' 10* - 3 cm (bentonite shale)
5547-1 cm
5641' 10* - 8 cm (sharp base, reworked top) 
5702* 6* - 9 cm (sharp base, reworked top) 
5720' - bentonitic shale 
5740* • bentonitic shale, broken core 
5825* 6 -12 cm (sharp base, reworked top) 
5930* -18 cm (sharp base, reworked top) 
5938' 10" - 3 cm (sharp base, reworked top) 
5953' - 3 cm (bentonitic shale)
5961' 6* - reworked 
5978'-■3cm , broken core 
6002* • reworked, bentonitic shale 
6054' - 5 cm (sharp base, reworked top)
6103'-2 cm, bentonitic shale
6108' 6* - 9 cm (sharp base, reworked top)
6142* - 2 cm (sharp base, reworked top)
6165’ - 6 cm (sharp base, reworked top)
6167 - broken core
6190' - 0.5 cm, bentonitic/ pyritic shale
6194' • 9 cm (sharp base, reworked top)
6261' 6* - 5 cm (sharp base, reworked top)
Q — Glauconite
P — Pyrite
Ph — Phosphate
^ >  — Concretion
xxxxxxx — Bentonite
^7 — Inoceramus shell fragments
Inoceramus shell layer
^  — Ammonite molds
FIGURE B2 (continued). Core description for UTPC Angel Peak B#37 well.
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Union Texas Petroleum Co. 
Newsom A3E (A20)
NW Sec. 4 - T26N • R8W 
San Juan County, NM 
K.&6817
GRAIN
SIZE
ICHNOFABRJC
2  r, 4
6300 -
G /P /
xxxxxxx
M IPP1xxxxxxx
SMy ahala. grayish 
block (N2). a#  cortanl -1 5 % , a *  
laminaliona £  2  em, calcareous
FIGURE B3. Cora description for UTPC Newsom A3E(A20) well.
SSX  Meibsddedmsdhan 
gray (N5) muddy sandstcns and 
dork gray (N3) sandy shsis, sand­
stone -  80% of rock and moatty 
SB-100 |iin  in ether hummedcy 
crass atalB elion (HCS) or laminaa, 
acme graded bads w th 125 pm 
aand Inijpple cross bade below 
100 ym and 88 pm sand, soms 
•end fcwds sBghUy bidurbelsd w lh
l^ ll ss    -Ju n m n M ; tmcnGnnim, ana 
Zacphyoas, un i Is calcaraous 
£22ZjlS2S£. Say ahala, grayish 
Mack (N2) and calcareous, scattered 
h o tsn a  fragments with large one 
at 6242*, Haibaddad 88 ym muddy 
aandalana from 6231'to 6237, 
madkrn gray (N5), sand fci both 
■ m n n o n i ana ihitmviocks w bi 
occasional ChonrMsa 
62S41 -  6271' say  ahala, dark gray 
(N3) and calearaoua w th sa  and 
86 |un aand in dfctkict lamlnalions 
ttw toom priae-36% af unt 
6271' -  628g i r  Sandy ahala. aand 
a s s  -1 2 5 ym
628g 1Qr -  6321' Imaibedded muddy 
asndslona and say ahala. sand 88 ym 
hummoefca and 125 ym laminalions, 
madkrn gray (N5), ahala to dark gray 
(N3) w th aand laminaa. common 
ChondMSsi rara Zoophyoos and 
Tefchfchnu* unt a  calearaoua
6321'-6334-6- Muddy «andm«w 
madkrn grey (N5), w th >25%  shale 
Imatbads. aand moderately to poorly 
sorted, cocaaionaly gradad bada from 
86 ym hummocks down to 175 ym  
rippias and tank— . ChondWaa. 
Zocptiyoat ,  T tkN chrut, fftatoft es 
and V m lu tM d tt, bottom contact 
aharp and matksd by2000 ym 
phoaphala (?) grains h  a 250 ym 
aand bed 2 cm Ncfc. calcareous
6334-6*-B330r Sandy shale dsrtt 
gray (N 3),>  20% aand bada < 1 cm 
thick, ChandMaeand Zoophyoot, 
w t ia calearaoua wNh numareua 
hoce— fragments 
633ff -  6340'HT Muddy sandstone, 
madkrm dark gray (N4), poorly aortad 
and caloaraus, completely blohabaisd 
wUh GhondMMy Ttichichnut, 
phyoet, Hanoftee, and Pabaphycua, 
numaraua irocammue fragments, 
bottom contact sharp and maifcad 
by a fcoceramus fragment laysr
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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GRAIN £  3-
SIZE o i s  5  5! t  8
Bp^r
ICHNOFABRIC 
1 2  3 4
DEPTH
XXXXXXXI ! 
p
6800-
6340- 10* -  6341*8* Sandy ahaie. 
grayish black (N2), « •  and aand 
content-  20%, a>  and 88 |im sand 
laminations, calearaoua with 
scattered inoceramus fragments, 
Chondritesand Zoophycoa 
6341'6 - 6377 S itv ahala. oraviah 
black (N2), 5-10% a *  laminaa. 
calearaoua w lh scattered 
hocaramue Iragmania, bottom 
contact ahaip
6377 -  6302*10* Muddv sandstone, 
medium datk gray (N4) and 
calearaoua, poorly aortad 175 |tm 
aand In rfrple croaa-atraBicalion 
(RCS), Chondrites, Tmchichnua, 
Zoaphycaa,wni ThtlaasinoidaefT). 
lop and bottom contact ahaip 
6 3 8 2 *1 6 -6 3 8 6  Sandy ahaie. dark 
gray (N3) and calcareous with silt 
and 88 pm aand in laminations 
that eofflprias -  30% of u n i. law  
ChofldWIwi Ibqb cskw soui 
Generation (8 cm) *  6383*10* 
6 3 8 8 -6 3 0 6  Merbedded muddy 
sandstone (medium gray) and sandy 
ahaie (daikgray), calearaoua, aand 
-  80% ol unit (100-125 pm) mostly
»---*-- «♦ aajik *---■flMnBDOro Bn I6w imtOi
w M R M M t toapnycm , ■ n  
ThafaaairinHaefl),
6 3 9 6 -6 4 0 6 1 6  S«y ahaie. grayiah 
black (N2) and calearaoua, a ll iaminationa 
-1 0 % o f unit, numerous fcocaramus fragments 
with large ones at 630V, 640tr, 6402*. 6403",
Mid 6404’
64Q5- i t r  -  6407 Merbedded muddy sand­
stone and sandy ahaie, aand medium gray (N5) 
and ahaie datk gray (M3), uni -  75% aand 
interbeds, mostly laminated w th acme ripples, 
12S pm, C h o re ***, and Zoaphycoe, numerous 
fooceramua fragments 
6407 -641tr 6  Sandy ahaie, 88 pm and 
laminated, numerous Itocetamue fragments, 
poor core guaHy
6416 6 -6 4 1 1 *6  Muddy sandstone, medium 
dark gray (N4) and calearaoua, 88 pm and 
bioturbolad
6411*6-6451* SMy ahaie. dark gray (N 3),a il 
and 88 pm aand laminaliona-3 0 % of uni, 
numerous inocammus fragments, pyrte 
Iaminationa common 
645 1*-6472*S ltyah ale ..10% a»
Iaminationa, scattered innneramue fragments,
pyrite lemsieticne common
647? -6 4 8 5  SHy ahaie. a *  and 88 pm aand
Iaminationa-4 0 %  of unt
6465--6486 Muddy aandalone, medium gray
(N5) and calearaoua, 250 pm aand, bfeturbated,
gtaim n4ic and phnaphatir at baaa. ehatpbaae
and lop
FIGURE B3 (continued). Core description for UTPC Newsom A3E (A20) well.
6 4 8 6 -6 4 8 7  Sandy ahaie, 12S |tm 
aand laminations -  40 %  et unk
6 4 8 7 -6 4 8 6  Swtdalonemedium 
gray (N5) and calcareous, 250 pm 
aand in RCS, glauconlie and 
pyritic, bosom of unk not in core (?) 
6486-6486 Sandy ahala (7). bad 
core, 125 pm aand-20-40%  
6 4 9 6 -6 4 9 4 6  Mud*sandstone, 
medksn dark gray (N4), 177 pm and
pOOdy NMQy DMIDMQ Wl)
ChondrHm,2oephyoot, and 
TetoMchnup burrows commonly 
■ a d  with 250 pm aand, scattered 
tMcanmuafragmenta, top and 
bosom gradational
6494* 4 *-6 4 9 6  4* Sandy shale, dark 
gray (N3), 125 pm sand in laminatians 
end ripples, sharp baaa 
6 4 9 6 4 --6 S 0 6  Muddv sandstone 
medksn dark gray (N4), 250 pm with 
glaucontic aand tiHng burrows, 
common Chondklee R a io S m  and 
TafsMchnua rare Thrythpooa, ecat- 
terad ttocararnuefragmsnls, unit la 
calcaisoua w th fakfy aharp base 
6 5 0 6 -6 5 1 6 2 ' Sandy shale.-4 0 %  
of unit is 125 pm laminaied aand 
6 5 1 6 7 -6 5 2 7 1 6  Merbedded 
muddy aandalone and sandy ahaie, 
medksn gray (N5) aand and dark 
gray (N3) ahaie, aand poorly sorted 
(-1 7 5  pm) and alghlly glauoonlic, 
ChonitiIm ; Ttichichnut, w d  
Zoaphyca*
S K Z J lC iH a ilE  Interval Isa  
aerisa at 6  'cydea* with Fades B 
overlying Fades At 
Facies B -  Muddy sandstone, medium 
dark gray (N4), calcareous, 250 pm, 
glauconlie (-10% ), Chondrites, 
7iiachichnua;2bqphycoe, PMnoMas, 
and Faiaqphycua; throughout wth 
SkoMftos at baas and down into 
tstdsriying eedknsnla 
Redes A -  Sandstone, medksn Kght 
gray (N6), calearaoua, 350 pm, mod­
erately sorted, croea-bedded in 2  cm 
eats, glauconitic (-10% ) wkhlOOO pm 
phosphate grains, bottom confsri 
aharp, ipper contact aharp rath 
Sketthem bunowa from above 
6522-16-6523* 6 --Icvd aw S h  
5 cm of Fades A at baaa 
6 5 2 6 6 -6 5 2 6 6 -1  cvdewith 
16 cm at Fades A at base 
6 6 2 6 6 -6 5 2 6 6 -1  cvdewkh 
5 cm of Fades A at base
19 cm at Fades A at base 
6 5 2 7 7 -6 5 2 6 6 -1  cvdewith 
4 cm of Facies A at base 
6526 6 -6 5 3 1 ’ 6 -1  cvdewith 
10 cm of Fades A at base rrttidi 
oontainB phtMphsto ptbbtos up 
to 0 5  cm in long direction
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   . . ____ ., -  .rirt.. 6712, 6‘ -6 7 1 g  Marbaddadaltv ahala
e s a re r-s s a y g  Muddv aandalone. a / g  - 6682 Marbadded muddy « id  muddy sandstone, ahaie ia dark grs
250 pm with grain aiza decreasing to 
125 pm at baaa, trace to -  5%  
glauoonke. tn icanew . Chcndritm,
A viaN tof and Zoophycot 
£ S 3 £ £ ^ £ 6 a tr S ly  ahaie, dark 
gray (N3). 20 %  a it M d  88 pm aand 
laminae, calearaoua with acakored 
fcocefamus fragments, CShondMasi 
Zocphyoot, and rare Ttkhkhnut, 
i c im  burrows ftttd  wfch gteuocnilic 
aand (125 |im ), tcp and 
bottom ocntacta gradalionat 
66317.--SS42L Shale. grayMt blade 
(N2) and calcareous, pyrite 
laminatione common 
6642--6SS0T Merbedded muddy 
aandalone and ally ahaie, ahaie ia 
dark gray (N3) and slightly 
calcareous, sand-100 pm, medum 
gray (N5). calearaoua, and very w el 
mouvsBSOf moosrois somnSi
 « » V »- J *» ■'-*■no u n n M Q , ottomnom 
eestt-eerte  Sidy ahaie. dark gray 
(N3), aife and aand laminae- 50% at 
unit(8 8 pm ),Chendrilt t ,  7cm  
aeptarian concretion at 6651' 10T,
4  cm nodule at 6662* 10*
BENTONITES
6390" - 20 cm (reworked)
6456’ 6* -1 JS cm (sharp base, laminated top)
6481* -12 cm (sharp base, reworked top)
6619* - broken core 
6625*-broken core 
6629' - broken core 
6633' • broken core 
"842' • broken core 
6667* 6* - 2 cm (sharp base, pyritized)
6680* 6* - 0.5 cm (pyrit e-rich)
6715' 6* • broken core (overlying sediments bentonitic) 
6724' 6* - 2 cm (sharp base, laminated top)
6772* • broken core
6776'- bentonitic / pyritic shale
6800' - bentonitic shale
G — Glauconite
P — Pyrite
Ph — Phosphate
C = »  — Concretion
xxxxxxx — Bentonite
— Inoceramus shell fragments
Inoceramus shell layer
FIGURE B3 (continued). Core description for UTPC Newsom A3E (A20) well.
sandstone ana sanay anaie. aata 
gray (N3) ahala and medksn gray 
(N5) aand, aand occura as S  -  2  cm 
thick bada wkh 125 pm PCS at 
bottom gmdss into 88 pm HCS at 
top. Chonfl!dtoa. Zdqphycogi and 
TafcftfcOnus
SSSB^ SSSE. Sky ahala. grayish
black (N3),ai» laminae c10% ol 
unit, calearaoua
66 8 6 -6 6 8 8  Muddvaandatona. 
medium dark gray (N5), 125 pm 
but poorly aortad, ChondrUm, 
Zoephyoot, and TefcMchnua; 
phoaphala grains (1000 pm) at 
baaa of sand bed at 6686T 
easet-eeaa SMyahala.grayiah 
black (N2). akghdy calearaoua, 
a lt and aand (86pm) laminaa 
-10-20%  of unt, Chondritoe 
and Zoapht/oaB
6S9ar-67Qg6* Shale.black(N1). 
non-caicareous, pyrite laminae at top 
670? R - -671? 6- Siky ahala. gmyiah 
black (N2), calcareous, u n k-2 0% a>  
laminaa, tq> and bottom gradationai
(N3) and calcareous, aand ia medium gray 
(N5). 125 pm, and rippled, sand •  50% of 
tmk. 8  cm thick 250 pm aand bad m 671 S'
WOT pnOOprMUC S M I (ptftq^O O J n lQ IM m ,
and phosphate grains (500 pm -1 .5  cm)
I—A m  a m ! 7 A M i i u u aC M fld n te  imcnmntmwa^oopnyocm  
6719-6725- Sktvahala.darkoravtwa 
and calcaiaoua. a»  and 88 pm aand laminaa
•  25%  of unk, 0  cm nodule at 6724*.
ChondMes and Zbqphpcos 
6 7 2 5 -6 7 2 8  Merbedded ally ahala and 
aandalone, dark gray (N3) ahala Marbada
•  40% of unk, median gray (N5) 125 pm 
aand w th RCS in 2  cm thick beds, sandy 
caicaranke (250 pm) at 6726* w th phoaphatized 
ahak bagmarea and phosphate gnina ip  to 
2000 pm, bon alain an cora w th vuggy 
poroaky, acaMarad hooewnur fragments 
6728-6753- 8* Imsibaddad akty ahala and 
aandy calcaranta, ahala ia dark gray (M3) with 
-  40%  a il laminaliona. 88 pm HCS. and 125 pm 
RCS. aandy calcarante 250 pm w th phosphatic 
ahet fragments and phoaphala grains up to 
2000 pm, occurs in dtatinct beds at 6736*, 6740*. 
6741', 6745*, 67 4 8 ,9  cm ssptarian concretion 
at 6752*
6753-6*-6ao i- Shale, flaake, black (N l) and 
rurvcakmraoue, zone of several broken 
aaptarian ooncrationa at 6762 -  68 . aandy 
pyrte Iaminationa at 6798
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Appendix C
DATA
Data from maceral analysis and programmed pyrolysis are 
provided in the following tables. Each set of samples is 
presented separately and in the following order:
Table Cl. Bisti oil field maceral data
Table C2. Bisti oil field pyrolysis data
Table C3. Hogback oil field maceral data 
Table C4. St. Stephens Quarry maceral data 
Table C5. UTPC Angel Peak B#37 maceral data
Table C6. UTPC Angel Peak B#37 pyrolysis data
Table C l . UTPC Newsom A3E (A20) maceral data
Table C8. UTPC Newsom A3E (A20) pyrolysis data
All of the maceral data are presented as percentages 
from a total of 150 counts per sample. Percent terrestrial 
organic matter (TOM) is presented at the bottom of the 
maceral analysis data tables and represents the sum of all 
macerals in a sample known to have terrestrial precursors 
(phytoclasts, sporinite, inertinite, and scleratoclasts). 
The degradational index (D), as defined by Hart (1986), is
also presented at the bottom of the data tables and is
calculated using the following:
D = ([Wph + Pph + Iph]/[Iph + ASph + ANph]) * 100
where:
D = Degradational index
Wph = Well preserved phytoclasts
Pph = Poorly preserved phytoclasts
Iph = Infested phytoclasts
ASph = Amorphous Structured phytoclasts
ANph = Amorphous Non-structured phytoclasts
126
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The Bisti oil field maceral data include counts for 
different fluorescent intensities of each amorphous maceral.
Pyrolysis data for the Angel Peak and Newsom cores are 
presented as averages of two measurements on the same 
sample. Only those Bisti samples marked with asterisk (*) 
represent an average of two measurements. The remaining 
data represent only one measurement on each sample. Values 
for Tmax, Hydrogen Index, and Oxygen Index for samples from 
the Angel Peak core with less than 0.5% TOC are marked with 
an asterisk (*) and may not be reliable (cf. Peters, 1986).
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TABLE C2. Bisti oil field pyrolysis data.
Sample Stratigraphic TOC Tmax SI S2 S3 HI 01
Number Poaltlon (wt%) (oC) (mg HC/g rock) (mg HC/g rock) (mgC02/g rock) (mg HC/gC) (mg C02/gC)
GR1* BELOW 0.94 431 0.57 1.67 0.33 178 35
GR2 WITHIN 2.43 429 1.71 8.34 0.43 343 17
GR3 WITHIN 2.71 430 0.86 8.44 0.67 311 24
GR4 BELOW 0.49 431 0.24 1.25 0.20 255 40
GR5 WITHIN 1.85 438 1.10 6.08 0.29 328 15
GR6* WITHIN 1.73 439 0.90 7.15 0.42 413 26
GR7* BELOW 1.30 439 0.39 1.79 0.35 135 27
GR8* WITHIN 1.74 429 1.26 6.23 0.39 359 24
GR9 ABOVE 5.29 421 1.44 32.98 0.72 623 13
GR10 ABOVE 3.93 421 2.13 20.11 0.71 511 18
GR11 ABOVE 2.14 427 1.24 10.22 0.48 477 22
GR12 ABOVE 2.77 429 1.05 12.02 0.46 433 16
GR13 ABOVE 2.97 430 1.76 15.19 0.46 511 15
GR14 BELOW 0.78 434 0.60 1.40 0.40 179 51
GR15 BELOW 0.97 427 4.06 2.56 0.38 263 39
* values represent average of two analyses
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TABLE C3. Hogback oil field maceral data.
SAMPLE NUMBER 1188H028 1188H031 1188H034 1188H035I 1188H036I 1188H037 1188H038I
STRATIGRAPHIC POSITION BELOW BELOW ABOVE ABOVE ABOVE ABOVE ABOVE
Well Preserved Phvtoclast 24.0 22.3 9.0 9.7 12.4 10.9 12.2
Poortv Preserved Phvtoclast 39.4 15.3 6.6 8.5 10.2 6.7 3.3
Infested Phvtoclast 13.0 3.5 6.6 4.2 11.3 9.1 4.4
Amorphous Structured Phvtoclast 5.8 18.8 17.5 20.0 24.9 31.5 13.8
Amorohous Non-structured Phvtoclast 0.0 3.0 4.2 0.0 2.8 3.6 3.3
Well Preserved SDorinite 1.9 2.5 1.2 1.2 1.1 1.8 1.1
Poortv Preserved Soorinite 0.0 2.4 1.2 0.6 1.7 0.6 0.6
Inertinite 5.3 1.0 1.8 1.8 1.7 1.8 3.3
Well Preserved Scleratoclast 1.9 2.5 1.2 1.2 1.1 0.0 2.8
Poortv Preserved Scleratoclast 0.0 1.5 0.6 0.0 0.0 1.8 0.0
Amorphous Infested Indeterminate 0.5 2.0 6.0 1.8 1.1 3.0 3.3
Amorphous Non-structured Protistoclast 3.9 16.3 36.2 42.4 26.0 23.1 47.5
Dinocvst 3.8 8.9 7.3 8.6 5.7 6.1 3.9
Microforam 0.5 0.0 0.6 0.0 0.0 0.0 0.5
TOTAL 100 100 100 100 100 100 100
%TOM 91 73 50 47 67 68 45
Dearadational Index ID) 406 162 78 93 _ 97 ... ... 99 93
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TABLE C5. UTPC Angel Peak B#37 maceral data.
SAMPLE NUMBER AP-1 AP-2 AP-3 AP-4 AP-5 AP-6 AP-7 AP-8 AP-9 AP-10 AP-11 AP-12 AP-13 AP-14 AP-15
CORE DEPTH (FT.1 5402 5408 5416 5423 5430.5 5436 5442 5448 5454 5462 5468 5473 5480 5488 5405.5
Well Preserved Phvtoclast 17.3 15.3 14.7 16.0 14.7 17.3 14.0 12.0 6.7 7.3 6.0 8.0 8.0 13.3 14.7
Poortv Preserved Phvtoclast 6.7 7.3 6.0 5.3 5.3 8.0 7.3 4.0 3.3 6.7 3.3 5.3 3.3 7.3 6.0
Infested Phvtoclast 4.7 4.0 4.7 2.0 1.3 1.3 2.0 1.3 0.0 1.3 1.3 1.3 1.3 4.0 0.0
Amorphous Structured Phvtoclast 19.3 18.7 16.0 16.0 16.0 15.3 16.7 15.3 14.0 14.7 18.7 19.3 18.0 14.0 13.3
Amorohous Non-structured Phvtoclast 1.3 2.0 0.7 2.0 2.0 0.7 2.7 1.3 3.3 4.7 2.7 6.0 4.7 2.7 4.0
Soorinite 1.3 1.3 4.7 2.0 3.3 0.7 4.0 3.3 2.7 3.3 4.7 2.0 3.3 2.7 2.0
Inertfnite 7.3 5.3 11.3 8.0 13.3 7.3 8.0 6.7 6.7 9.3 7.3 4.0 6.0 10.7 6.7
Well Preserved Scleratoclast 5.3 3.3 4.7 3.3 6.0 8.7 3.3 4.0 3.3 2.0 2.7 3.3 4.7 6.0 4.7
Poortv Preserved Scleratoclast 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amorohous Infested Indeterminate 0.7 3.3 5.3 4.7 6.7 5.3 8.7 6.7 6.0 10.0 6.7 8.7 5.3 5.3 4.7
Amorohous Non-structured Protistodast 33.4 39.5 31.2 39.4 30.7 32.1 33.3 45.4 54.0 40.7 46.6 42.1 45.4 34.0 43.9
Dinocvsts 0.7 0.0 0.7 1.3 0.7 3.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
%TOM 65.2 57.2 62.8 54.6 61.9 59.3 58.0 47.9 40.0 49.3 46.7 49.2 46.3 60.7 51.4
Deoradational Index ID) 113.4 107.7 118.7 116.5 110.4 153.8 108.9 66.6 57.8 73.6 46.7 54.6 52.5 118.8 119.7
SAMPLE NUMBER AP-16 AP-17 AP-18 AP-19 AP-20 AP-21 AP-22 AP-23 AP-24 AP-25 AP-26 AP-27 AP-28 AP-29 AP-30
CORE DEPTH IFT.t 5499 5506 5513.5 5514 5515.5 5520 5541 5545.5 5556 5564 5567.5 5575 5580 5593 5604.5
Well Preserved Phvtoclast 19.3 8.0 20.0 18.0 13.3 6.7 11.3 10.7 13.3 9.3 17.3 13.3 8.0 18.7 17.3
Poortv Preserved Phvtoclast 8.0 6.0 7.3 11.3 3.3 5.3 6.7 3.3 4.7 5.3 11.3 7.3 3.3 8.0 8.0
Infested Phvtoclast 3.3 2.0 0.7 2.0 5.3 0.0 0.0 0.7 0.7 0.7 2.0 1.3 0.0 ___ L3 4.0
Amorohous Structured Phvtoclast 16.7 13.3 13.3 14.7 18.0 18.0 16.0 15.3 17.3 15.3 12.0 18.0 14.7 12.7 9.3
Amorohous Non-structured Phvtoclast '" '2 .7 2.0 3.3 2.7 3.3 2.0 2.7 5.3 3.3 2.7 2.7 2.7 5.3 1.3 4.7
Soorinite 2.0 4.7 1.3 2.7 0.7 1.3 1.3 3.3 0.7 2.0 2.0 0.7 0.7 2.0 1.3
Inertfnite 12.7 10.0 7.3 8.7 8.7 8.0 8.7 9.3 10.7 6.7 8.7 8.0 14.0 13.3 8.0
Well Preserved Scleratoclast 6.0 4.7 4.0 4.7 2.7 4.0 3.3 8.7 6.0 5.3 4.0 3.3 7.3 9.3 8.0
Poortv Preserved Scleratoclast 0.0 0.7 0.0 1.3 0.0 0.0 0.0 0.7 0.0 0.7 0.0 0.0 0.0 0.0 0.0
Amorohous Infested Indeterminate 3.3 6.0 4.0 1.3 4.0 8.7 6.7 2.7 4.0 4.0 6.0 2.0 3.3 4.7 6.7
Amorohous Non-structured Protistoclast 25.3 41.9 38.8 31.3 40.7 45.3 43.3 42.0 39.3 48.0 32.7 43.4 42.7 28.7 32.7
Dinocvsts 0.7 0.7 0.0 1.3 0.0 0.7 0.0 0.0 0.0 0.0 1.3 0.0 0.7 0.0 0.0
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
%TOM 70.7 51.4 57.2 66.1 55.3 45.3 50.0 55.3 56.7 48.0 60.0 54.6 53.3 66.6 60.6
Deoradational Index (D) 1& 2 _ 92,5 191,9 161.3 82.3 60.0 66.3 69.0 .  97,9 81.8 183.2 09.5 56.5 183.0 162.8
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TABLE C5 (continued). UTPC Angel Peak B#37 maceral data.
SAMPLE NUMBER AP-31 AP-32 AP-33 AP-34 AP-35 AP-36 AP-37 AP-38 AP-39 AP-40 AP-41 AP-42 AP-43 AP-44 AP-45
CORE DEPTH/FT.) 5616 5626 5641 5645 5652 5662 5665.5 6673 5684 5706 5715 5725 5735 5745 5753
Well Preserved Phvtodast 8.7 11.3 10.0 6.3 10.7 12.0 3.3 6.7 7.3 8.7 9.3 8.0 12.7 8.0 8.0
Pooriv Preserved Phvtodast 5.3 4.7 5.3 6.0 4.0 3.3 4.7 3.3 3.3 6.7 9.3 5.3 4.0 7.3 6.0
Infested Phvtodast 1.3 0.0 1.3 1.3 0.7 0.7 1.3 0.0 0.0 0.7 2.7 1.3 0.0 0.7 0.0
Amorehous Structured Phvtodast 23.3 15.3 15.3 16.7 12.7 18.0 15.3 12.7 11.3 18.0 16.7 17.3 15.3 20.7 12.0
Amorehous Non-structured Phvtodast 3.3 2.0 3.3 2.7 2.7 3.3 5.3 4.0 1.3 1.3 5.3 4.0 2.7 2.7 3.3
Soorinito 2.7 0.7 0.7 0.7 3.3 1.3 2.0 0.7 0.7 2.0 0.7 1.3 2.7 1.3 0.7
Inertinite 8.0 8.0 10.0 10.0 8.7 10.7 8.0 9.3 11.3 10.0 8.7 10.7 12.0 7.3 8.0
Well Preserved Sderatodast 4.7 6.7 5.3 5.3 7.3 3.3 4.7 5.3 2.0 4.0 4.0 5.3 8.0 2.7 10.0
Pooriv Preserved Sderatodast 0.0 2.7 0.7 1.3 0.7 0.7 0.7 0.7 2.0 0.7 0.0 0.0 0.0 0.0 0.0
Amorehous Infested Indeterminate 4.7 5.3 5.3 0.0 6.7 3.3 3.3 5.3 8.7 7.3 3.3 8.0 8.0 8.0 9.3
Amorehous Non-structured Protistodast 38.0 43.3 42.8 46.0 42.5 43.4 51.4 52.0 54.1 40.6 40.0 38.8 34.6 41.3 42.7
Dinocvsts 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
%TOM 57.3 51.4 51.6 53.3 50.8 53.3 45.3 42.7 39.2 52.1 66.7 53.2 57.4 50.7 48.0
Deoradatfonal Index /D) 54.8 02.5 83.4 80.2 95.7 72.7 42.5 59.9 84.1 80.5 86.2 64.6 92.8 66.4 91.5
SAMPLE NUMBER AP-46 AP-47 AP-48 AP-49 AP-50 AP-51 AP-52 AP-53 AP-54 AP-55 AP-56 AP-57 AP-58 AP-59 AP-60
CORE DEPTH /FT.) 5757 5759 5759.5 5767 5774.5 5784 5799 5820 5830 5837 5844 5856 5860 5865 5870
Well Preserved Phvtodast 13.3 14.7 14.0 4.0 13.3 16.0 22.7 19.3 19.3 24.7 16.7 19.3 22.0 23.3 12.7
Pooriv Preserved Phvtodast 6.7 8.0 8.0 2.7 7.3 8.7 10.7 10.7 11.3 12.7 6.7 10.0 8.7 10.0 10.7
Infested Phvtodast 0.7 2.0 1.3 0.7 1.3 2.0 1.3 1.3 2.0 0.7 0.0 2.0 0.0 0.7 1.3
Amorehous Structured Phvtodast 17.3 13.3 14.0 16.0 12.7 10.0 6.7 12.0 11.3 6.7 11.3 13.3 13.3 14.7 16.0
Amorehous Non-structured Phvtodast 2.0 7.3 4.0 8.0 4.0 2.0 0.0 2.7 2.0 3.3 3.3 2.0 4.0 2.0 3.3
Soorinito 2.7 0.7 2.7 1.3 2.0 2.7 1.3 1.3 3.3 4.7 1.3 2.7 2.0 0.0 1.3
Inertinite 10.7 6.0 9.3 9.3 12.0 13.3 16.7 15.3 16.0 13.3 11.3 9.3 10.7 11.3 10.7
Well Preserved Sderatodast 7.3 7.3 5.3 2.7 8.0 10.7 18.0 9.3 9.3 9.3 9.3 7.3 5.3 10.7 8.0
Pooriv Preserved Sderatodast 0.0 0.0 1.3 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0
Amorehous Infested Indeterminate 4.0 7.3 8.0 10.0 6.0 3.3 2.0 1.3 4.7 3.3 5.3 3.3 6.0 2.7 4.7
Amorehous Non-structured Protistodast 35.3 33.4 32.1 45.3 32.7 31.3 17.9 25.5 18.8 19.3 34.8 30.1 28.0 23.3 30.0
Dinocvsts 0.0 0.0 0.0 0.0 0.7 0.0 2.0 1.3 2.0 2.0 0.0 0.0 0.0 1.3 1.3
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
%TOM 60.7 59.3 59.9 44.7 60.6 65.4 78.1 71.9 74.5 75.4 59.9 66.6 66.0 72.7 64.0
Degradetional Index ID) 103.5 109.3 120.7 30.0 _W,Z 433.8 195.6 213.1 356.1 160.3 180.9 177.5 195.4 119.9
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TABLE C5 (continued). UTPC Angel Peak B#37 maceral data.
SAMPLE NUMBER AP-S1 AP-62 AP-63 AP-64 AP-65 AP-66 AP-67 AP-68 AP-69 AP-70 AP-71 AP-72 AP-73 AP-74 AP-75
CORE DEPTH <FT.t 5878.5 5883 5886 5692 5904 5915 5927 5942 5958 5964 5975 5988 5993 6003 6015
Well Preserved Phvtodast 14.0 12.0 17.3 8.0 6.7 4.0 7.3 11.3 8.0 15.3 8.0 9.3 14.7 12.0 16.0
Pooriv Preserved Phvtodast 12^ 0 10.0 14.0 6.0 5.3 3.3 2.0 8.0 6.0 7.3 7.3 7.3 8.7 6.7 6.0
Infested Phvtodast 0.0 0.0 2.0 0.0 0.7 0.0 0.0 1.3 0.0 1.3 0.0 0.0 0.7 1.3 1.3
Amorehous Structured Phvtodast 11.3 18.0 17.3 16.0 20.0 20.0 11.4 14.0 18.7 13.3 18.0 16.7 16.7 12.0 10.7
Amorehous Non-structured Phvtodast 2.0 2.0 4.7 3.3 4.0 4.0 7.3 4.7 2.7 2.7 3.3 3.3 3.3 5.3 2.7
Soorinile 2.7 2.7 2.0 1.3 1.3 0.7 5.3 2.0 0.0 2.0 0.0 0.0 0.7 0.7 3.3
Inertinite 14.7 8.7 6.0 5.3 6.7 2.7 4.0 5.3 7.3 9.3 6.7 12.7 15.3 17.3 12.0
Well Preserved Sderatodast 10.0 5.3 2.7 8.7 4.7 3.3 1.3 2.0 5.3 10.7 10.7 14.0 7.3 8.7 10.0
Poortv Preserved Sderatodast 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.7 0.0 1.3
Amorehous Infested Indeterminate 1.3 6.7 4.0 6.7 9.3 10.7 5.3 10.0 9.3 4.7 6.7 2.0 5.3 7.3 4.7
Amorehous Non-structured Protislodast 31.3 34.6 29.3 44.0 41.3 51.3 55.4 41.4 42.7 33.4 39.3 33.4 26.6 28.7 30.7
Dinocvsts 0.7 0.0 0.7 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.3 0.0 0.0 1.3
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
%TOM 66.7 58.7 66.0 48.6 49.4 38.0 39.3 48.6 48.0 61.0 54.0 63.3 68.1 64.0 63.3
Deoradational Index ID) 195.5 110.0 138.8 72.5 51.4 30.4 49.7 103.0 65.4 138.2 71.8 83.0 116.4 107.5 158.5
SAMPLE NUMBER AP-78 AP-77 AP-78 AP-79 AP-80 AP-81 AP-82 AP-83 AP-84 AP-85 AP-88 AP-87 AP-88 AP-89 AP-90
CORE DEPTH /FT.) 6030 6050 6065 6074 6088 6100 6106 6120 6130 6145 6161 6172 6180 6193 6198
Well Preserved Phvtodast 14.7 12.0 14.7 12.7 9.3 10.0 6.0 10.0 10.0 8.0 7.3 12.0 10.0 6.0 10.7
Poortv Preserved Phvtodast 10.0 6.7 8.7 9.3 5.3 8.7 6.0 6.7 7.3 9.3 7.3 12.0 9.3 6.0 6.0
Infested Phvtodast 2.0 1.3 0.7 0.0 0.7 0.7 1.3 0.7 0.0 0.7 2.0 2.0 1.3 0.7 0.7
Amorehous Structured Phvtodast 12.0 8.0 10.0 16.0 11.3 15.3 14.0 20.7 10.3 18.7 14.0 14.0 14.0 24.0 12.7
Amorehous Non-structured Phvtodast 20 4.0 2.7 1.3 3.3 5.3 4.7 4.0 4.0 5.3 2.7 2.0 2.7 4.7 2.0
Soorinile 2.0 0.0 0.0 0.7 2.0 2.0 0.0 0.0 0.0 0.7 0.7 2.0 1.3 0.0 2.0
Inertinite 12.0 18.0 16.7 10.0 16.0 8.7 10.0 10.0 9.3 9.3 8.7 10.7 10.7 10.0 10.0
Well Preserved Sderatodast 6.7 11.3 6.0 8.0 6.0 4.7 5.3 5.3 2.7 6.0 7.3 11.3 8.0 6.7 0.7
Pooriv Preserved Sderatodast 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amorehous Infested Indeterminate 7.3 7.3 4.7 6.7 6.0 4.0 7.3 8.7 8.0 0.3 4.0 2.7 7.3 6.7 9.3
Amorehous Non-structured Protislodast 31.3 30.7 35.8 34.6 40.1 42.6 45.4 33.9 39.4 32.7 46.0 31.3 34.7 35.2 45.9
Dinocvsts 0.0 0.7 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
%TOM 61.4 61.3 59.5 58.0 53.9 53.4 47.3 57.4 52.6 58.0 50.0 66.0 57.3 58.1 44.8
Deoradationa) Index ID) . 19&2 150.4 179,9 1*7,? 100.0 m ,z. m 68.5 74,2 ,.72,9 88.8 144,4 114,4 49,? ...t& Q
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TABLE C5 (continued). UTPC Angel Peak B#37 maceral data.
SAMPLE NUMBER AP-91 AP-92 AP-93 AP-94 AP-95 AP-96 AP-97 AP-98 AP-99 AP-100 AP-101 AP-102 AP-103 AP-104 AP-105
CORE DEPTH (FT.) 6204 6208 6212 6214.5 6217 6220 6222 6230 6231 6231.8 6233 6236 6239.8 6240.5 6244
Well Preserved Phvtodast 16.0 6.0 8.7 8.7 3.3 3.3 5.3 10.0 2.7 4.7 7.3 4.0 4.0 4.0 5.3
Poortv Preserved Phvtodast 0.3 4.7 4.0 6.0 3.3 4.0 2.7 6.0 0.7 2.0 6.0 3.3 2.0 3.3 6.7
Infested Phvtodast 0.0 0.0 0.0 0.0 0.0 0.0 1.3 0.7 0.7 0.7 0.0 0.0 0.0 0.0 0.0
Amorehous Structured Phvtodast 10.0 6.3 10.7 14.7 9.3 23.3 14.7 18.0 6.0 6.0 15.3 16.0 10.0 4.7 15.3
Amorehous Non-structured Phvtodast 1.3 2.0 4.0 3.3 3.3 2.0 3.3 1.3 4.7 8.0 2.0 6.7 3.3 _ 2.0 4.0
Soorinito 0.0 0.7 1.3 0.7 0.7 0.0 0.0 0.0 1.3 0.7 2.7 0.7 0.7 0.0 0.7
Inertinito 14.7 14.0 12.0 8.7 10.7 6.0 7.3 8.7 4.0 4.7 9.3 8.0 9.3 14.7 11.3
Well Preserved Sderatodast 4.7 4.0 4.0 6.0 2.7 4.0 1.3 6.7 2.7 0.7 4.7 2.7 3.3 S3 3.3
Poortv Preserved Sderatodast 0.0 0.0 0.0 0.0 0.7 0.0 1.3 0.0 0.0 0.0 0.0 0.0 0.7 00 0.0
Amorehous Infested Indeterminate 7.3 13.3 10.7 8.7 9.3 12.0 12.0 6.0 18.6 13.3 10.7 7.3 10.0 8.0 12.7
Amorehous Non-structured Protistodast 36.7 45.3 44.6 43.2 56.7 45.4 50.8 42.6 58.6 58.5 42.0 51.3 56.7 58.0 40.7
Dinocvsts 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
%TOM 56.0 40.7 44.7 48.1 34.0 42.8 37.2 51.4 22.8 27.5 47.3 41.4 33.3 34.0 46.6
Deoradational Index ID) 223.0 94.7 86.4 81.7 52.4 28.9 48.2 83.5 36.0 50.3 76.9 32.2 45.1 109.0 62.2
SAMPLE NUMBER AP-106 AP-107 AP-108 AP-109 AP-110 AP-111 AP-112 AP-113 AP-114 AP-115 AP-116
CORE DEPTH (FT.t 6246 6247.8 6248.3 6250 6252.5 6254 6255.5 6258 6267 6270.5 6274
Well Preserved Phvtodast 4.0 4.7 4.7 6.0 2.7 8.7 3.3 12.0 16.7 17.3 28.7
Poortv Preserved Phvtodast 0.7 2.7 3.3 6.7 2.0 8.7 8.7 6.0 10.0 11.3 12.0
Infested Phvtodast 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amorehous Structured Phvtodast 6.7 6.7 10.7 15.3 8.0 17.3 14.7 8.7 5.3 7.3 5.3
Amorehous Non-structured Phvtodast 2.7 2.7 6.0 4.0 4.7 3.3 3.3 3.3 2.0 3.3 0.7
Soorinito 0.7 0.7 0.7 0.0 0.0 0.0 0.0 3.3 0.7 1.3 0.7
Inertinite 16.0 17.3 10.0 10.7 7.3 15.3 8.0 16.0 16.7 16.7 19.3
Well Preserved Sderatodast 4.7 5.3 4.7 5.3 4.0 6.7 4.7 6.7 8.0 8.0 7.3
Poortv Preserved Sderatodast 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amorehous Infested Indeterminate 6.7 8.7 14.0 8.7 10.0 6.0 13.3 8.0 11.3 6.7 5.3
Amorehous Non-structured Protistodast 57.S 51.2 45.6 42.6 61.3 34.0 43.3 36.0 28.6 28.1 20.7
Dinocvsts 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.7 0.0 0.0
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
%TOM 35.5 40.1 40.1 48.7 28.7 60.0 42.7 56.0 59.4 65.2 74.0
Degradations! Index (D) . & S __ f t ,7 . 47.2 67.0 37.0 64,? . « ,Z _ 1W.Q 365.8 269.8 OT.&2
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TABLE C6. UTPC Angel Peak B#37 pyrolysis data.
Samolc Cora Ich no­ TOC Tmax SI S2 S3 HI Ot
Number Depth (a ) fabric (wt%) (PC) (mg HC/g rock) (mg HC/g rock) (moC02/g rock) (mg HC/gC) (mg C02/gC)
590 AP-01 6402.0 1 1.97 446 1.17 3.44 0.41 175 21
590 AP-02 5400.0 1 1.60 444 1.07 3.41 0.42 202 24
590 AP-03 5416.0 1 1.78 445 1.11 3.64 0.43 204 23
590 AP-04 5423.0 1 1.99 445 1.56 4.11 0.34 206 22
590AP-05 5430.5 1.14 443 0.88 2.25 0.31 198 27
590 AP-06 5436.0 1.32 445 0.98 2.38 0.33 180 24
590 AP-07 6442.0 1 2.13 445 1.67 4.60 0.45 215 21
590 AP-08 5448.0 1 2.55 445 2.39 5.69 0.50 223 19
590 AP-09 5454.0 1 2.28 444 2.45 5.52 0.52 242 23
590 AP-10 5462.0 1 2.39 445 2.34 5.61 0.49 235 20
590AP-11 5468.0 1 2.45 446 2.23 5.98 0.49 244 20
590 AP-12 5473.0 1 2.37 444 2.26 5.29 0.51 218 21
590 AP-13 5480.0 1 2.63 446 2.28 5.36 0.51 204 19
590 AP-14 5488.0 1 2.16 446 1.89 4.30 0.47 199 21
590 AP-15 5495.5 1 2.14 445 2.08 4.50 0.45 210 22
590 AP-10 5499.0 1.80 444 1.42 3.36 0.38 187 22
590 AP-17 5506.0 1 1.96 445 1.95 4.02 0.43 205 22
590 AP-18 5513.5 1.62 443 1.84 2.82 0.61 175 31
590 AP-19 5514.0 1.47 441 1.18 2.65 0.43 180 29
590 AP-20 5515.5 1 1.08 443 2.07 4.32 0.50 218 25
590 AP-21 5520.0 1 2.67 444 2.64 6.04 0.55 226 20
590 AP-22 5541.0 1 1.71 446 1.60 3.69 0.49 215 28
590 AP-23 6545.5 1.49 445 1.21 2.79 0.44 189 29
590 AP-24 5556.0 1 1.31 445 1.17 2.30 0.39 175 30
590 AP-25 5564.0 1 1.77 444 1.69 3.50 0.41 198 23
590 AP-26 5567.5 1.44 443 1.25 2.56 0.38 178 28
590 AP-27 5575.0 1 1.36 445 1.58 2.71 0.40 199 29
590 AP-28 5580.0 1 1.66 444 1.67 3.22 0.42 206 26
590 AP-29 5593.0 1 1.27 443 1.07 2.19 0.35 172 27
590 AP-30 5604.5 0.65 442 0.65 0.81 0.44 146 79
590 AP-31 5616.0 1 1.94 445 2.09 4.52 0.45 234 23
590 AP-32 5626.0 1 1.85 443 1.64 3.52 0.44 190 23
590 AP-33 5641.0 1 1.73 443 1.90 3.65 0.41 210 25
590 AP-34 5645.0 1 1.55 444 1.51 2.90 0.37 187 26
590AP-35 5652.0 1.72 444 2.19 3.64 0.40 212 23
590 AP-36 5662.0 1 2.50 443 2.44 6.00 0.47 240 18
590 AP-37 5665.5 1.61 445 1.74 3.13 0.42 194 25
590AP-38 5673.0 1 2.16 442 2.63 5.00 0.50 232 23
590AP-39 5684.0 1 445 ... 1,91 3.47 0.49 208 29 136
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TABLE C6 (continued). UTPC Angel Peak B#37 pyrolysis data.
Samclc Cor* Ichno- TOC Tmax S1 S2 S3 HI 01
Number D*Dth (ft) fabric (wt%) (oC) (mg HC/o rack) (mg HC/g reck) (mgC02/g rack) (mg HC/gC) (mg C02/gC)
590 AP-40 6705.0 1 2.05 445 2.21 4.44 0.52 217 25
590 AP-41 6715.0 2 1.43 442 1.59 2.94 0.46 205 32
590 AP-42 5725.0 3 1.66 444 1.98 3.75 0.49 226 29
590 AP-43 5735.0 2 2.22 444 0.97 4.84 0.39 218 17
690 AP-44 5745.0 2 2.80 445 2.58 6.63 0.49 237 17
590 AP-45 5753.0 3 1.29 445 1.02 2.39 0.40 186 31
590 AP-46 5757.0 4 1.28 445 1.56 2.54 0.42 108 32
590 AP-47 5759.0 2 1.11 446 0.95 1.98 0.37 178 33
590AP-48 5759.5 4 1.11 445 0.97 1.76 0.34 160 30
590 AP-49 5767.0 2 1.54 444 1.45 3.09 0.41 200 26
590 AP-50 5774.6 3 0.99 447 0.74 1.31 0.30 132 30
590 AP-51 5784.0 4 0.66 448 0.28 0.61 0.13 92 19
590 AP-52 5799.0 4 0.44 446* 0.13 0.27 0.17 60* 42*
590 AP-53 5820.0 4 0.65 446 0.23 0.49 0.14 74 21
590 AP-54 5830.0 4 0.85 448 0.33 0.72 0.17 84 20
590 AP-55 6837.0 4 0.74 448 0.24 0.52 0.21 70 30
590 AP-58 5844.0 1 1.16 446 0.65 1.39 0.23 120 20
590 AP-57 5856.0 1 0.84 447 0.40 0.72 0.20 85 23
590 AP-53 5860.0 1 1.24 446 0.73 1.52 0.23 123 18
I590AP-59 I 5865.0 2 0.86 445 0.43 0.77 0.19 90 22
6870.0 2 0.85 445 0.44 0.72 0.21 84 24
5878.5 2 0.76 446 0.38 0.67 0.20 87 26
5883.0 1 1.31 445 0.93 2.27 0.31 173 23
5886.0 1 2.31 447 1.96 4.88 0.45 212 19
6892.0 1 2.46 448 1.93 5.00 0.48 203 19
6904.0 1 2.14 447 1.76 4.93 0.46 231 21
5915.0 1 2.76 446 2.16 6.04 0.53 218 19
6927.0 1 2.83 448 2.23 6.88 0.50 245 17
5942.0 1 1.87 448 1.17 3.35 0.43 179 23
5958.0 2.19 446 1.06 3.89 0.42 177 19
5964.0 1 1.32 448 0.91 1.80 0.29 135 21
590 AP-71 5975.0 1 2.21 450 1.16 3.93 0.30 178 13
590 AP-72 5986.0 1 0.96 447 0.47 1.07 0.16 111 16
590 AP-73 6993.0 4 0.25 448* 0.06 0.13 0.12 49* 45*
590AP-74 6003.0 4 0.30 442* 0.09 0.19 0.11 63* 25*
590 AP-75 6015.0 4 0.45 444* 0.13 0.30 0.09 66* 19*
590 AP-76 6030.0 4 0.59 446 0.20 0.43 0.09 74 15
590 AP-77 6050.0 4 0.43 447* 0.13 0.25 0.11 57* 25*
590 AP-78 6065.0 3 0.49 445* 0.15 0.31 0.10 62* 19* 137
TABLE C6 (continued). UTPC Angel Peak B#37 pyrolysis data.
Sample Cora Ich no- TOC Tmex S1 S2 S3 HI Of
Number Depth (ft) fab rio (Wt%) (oC) (mg HC/g rock) (ma HC/g reck) (moC02/g reck) (mg HC/gC) (mg C02/gC)
590 AP-79 6074.0 1 0.86 445 0.39 0.80 0.11 93 12
590 AP-80 6088.0 1 1.03 445 0.53 0.94 0.14 91 13
590AP-81 6100.0 1 1.55 449 1.35 2.48 0.29 180 19
500AP-82 6106.0 1 1.26 449 1.26 1.84 0.28 146 22
590AP-83 6120.0 1 1.83 448 1.66 2.93 0.31 160 17
590 AP-84 6130.0 1 1.95 448 1.98 2.97 0.31 153 16
590 AP-85 6145.0 1 2.08 448 1.59 3.90 0.37 187 17
590 AP-88 6161.0 1 1.61 446 1.48 2.62 0.38 162 23
590 AP-87 6172.0 1 1.16 450 0.88 1.21 0.26 105 22
590 AP-88 6180.0 1 0.93 448 0.59 1.00 0.21 107 22
590 AP-89 6193.0 1 2.94 447 2.95 5.48 0.49 186 16
590AP-90 6198.0 1 1.04 449 0.80 0.97 0.39 92 37
590 AP-91 6204.0 3 0.82 444 0.55 0.76 0.35 94 42
590AP-92 6208.0 3 0.89 444 0.83 0.79 0.45 88 50
590 AP-93 6212.0 3 0.94 443 0.54 0.92 0.33 98 35
590 AP-94 6214.5 3 1.10 446 0.87 1.24 0.42 113 38
590 AP-95 6217.0 4 0.22 429* 0.24 0.06 0.18 28* 84*
590 AP-96 6220.0 3 1.85 447 2.02 2.97 0.47 161 25
590 AP-97 6222.0 1 1.73 449 2.04 2.80 0.63 162 30
590 AP-98 6230.0 1 1.83 450 2.04 3.18 0.49 173 28
590 AP-99 6231.0 3 0.05 443 1.65 0.94 0.49 99 52
590 AP-100 6231.8 4 0.65 443 0.87 0.55 0.42 83 62
590 AP-101 6233.0 3 1.62 448 1.84 3.07 0.47 190 28
590 AP-102 6236.0 1 1.56 448 1.81 2.76 0.47 177 30
590 AP-103 6239.8 3 0.86 445 1.43 0.98 0.46 113 52
590 AP-104 6240.5 3 0.55 441 0.71 0.45 0.38 82 69
590 AP-105 6244.0 1 1.55 448 1.88 2.92 0.50 189 32
590 AP-106 6246.0 4 0.49 441* 0.78 0.34 0.42 69* 86*
590 AP-107 6247.8 4 0.49 441* 0.50 0.36 0.31 72* 66*
590 AP-108 6248.3 3 1.32 448 1.65 2.11 0.43 160 32
590 AP-109 6250.0 1 1.98 445 2.25 3.79 0.50 192 25
590 AP-110 6252.5 4 0.26 442* 0.43 0.09 0.25 35* 94*
590 AP-111 6254.0 3 2.08 449 2.24 4.13 0.44 198 21
590 AP-112 6255.5 3 1.41 449 1.44 2.20 0.42 156 29
590 AP-113 6258.0 1 0.59 449 0.23 0.36 0.17 61 29
590 AP-114 6267.0 1 0.68 449 0.24 0.39 0.14 58 21
590 AP-115 6270.5 2 0.79 450 0.32 0.55 0.14 70 17
590 AP-116 6274.0 2 1.04 452 0.51 0.98 0.16 94 15
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TABLE C7. UTPC Newsom A3E (A20) maceral data.
SAMPLE NUMBER NM-1 NM-2 NM-3 NM-4 NM-5 NM-6 NM-7 NM-8 NM-9 NM-10 NM-11 NM-12 INM-13 INM-14 lNM-15 1
CORE DEPTH (FT.) 6213 6225 6230 6236 6246 6263 6271 6290 6320 6332 63341 6334.51 6338.5!
Well Preserved Phvtodast 11.3 11.3 8.7 12.0 9.3 9.3 5.3 3.3 7.3 10.0 6.7 9.3 7.3 10.0 7.3
Pooriv Preserved Phvtodast 12.0 8.0 6.7 8.0 6.0 9.3 6.7 3.3 6.7 10.0 8.7 10.7 10.7 7.3 8.0
Infested Phvtodast OS 0.0 0.7 2.0 0.0 0.7 1.3 1.3 1.3 0.7 1.3 0.0 2.7 0.0 0.0
Amorehous Structured Phvtodast 207 15.3 21.3 18.7 14.7 18.0 22.7 21.3 23.3 20.7 20.7 21.3 20.7 14.7 22.0
Amorehous Non-structured Phvtodast 1.3 2.0 2.0 2.7 3.3 1.3 2.0 2.0 0.7 1.3 2.7 1.3 2.0 2.0 1.3
Soorinito 0.7 2.0 0.7 2.0 0.0 0.7 0.0 0.0 1.3 0.7 0.0 0.0 0.0 0.0 0.7
Inertinite 8.7 10.0 8.7 6.7 6.7 10.0 8.0 4.0 4.0 5.3 6.0 8.7 12.0 12.0 12.0
Well Preserved Sderatodast 4.7 8.7 4.7 3.3 7.3 2.7 4.7 4.7 6.7 2.7 6.0 2.7 3.3 5.3 4.0
Pooriv Preserved Sderatodast 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0
Amorehous Infested Indeterminate 5,3 4.7 5.3 1.3 2.0 2.7 6.0 12.7 4.7 3.3 4.0 4.0 6.0 8.7 4.0
Amorehous Non-structured Protislodast 35.3 38.0 41.2 43.3 50.7 45.3 43.3 47.4 43.3 44.6 43.9 42.0 34.6 40.0 40.7
Dinocvsts 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.7 0.0 0.0
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
%TOM 59.4 57.3 53.5 55.4 47.3 52.0 50.7 39.9 52.0 51.4 52.1 54.0 58.7 51.3 65.3
Denradational Index <01 105.9 111.6 67.1 94.0 85.0 96.5 51.2 32.1 60.5 91.2 67.6 88.5 81.5 103.6 65.7
SAMPLE NUMBER NM-17 NM-19 NM-20 NM-21 NM-24 NM-25 NM-26 NM-27
CORE DEPTH (FT.) 6341 6343 6350 6363 6375 6392 6403 6413 6430 6450 6460 6471
Well Preserved Phvtodast 18.0 8.7 6.0 4.7 4.7 8.0 10.7 4.7 3.3 2.7 4.0 5.3 2.7 8.7 5.3
Pooriv Preserved Phvtodast 8.7 10.7 6.7 3.3 2.7 6.0 8.0 6.0 5.3 8.0 9.3 4.7 3.3 8.0 8.7
Infested Phvtodast 2,0 0.0 0.0 0.0 0.7 0,7 0.0 1.3 0.0 0.0 1.3 1.3 0.0 0.0 1.3
Amorehous Structured Phvtodast 12.7 17.3 18.7 21.3 12.0 18.0 16.7 23.3 18.7 17.3 20.7 18.0 16.7 18.7 24.7
Amorehous Non-structured Phvtodast 0.7 1.3 3.3 0.7 2.7 0.7 2.0 3.3 2.7 2.7 1.3 2.7 2.7 1.3 2.0
Soorinito 2.0 1.3 0.7 0.0 0.0 0.7 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.7 1.3
Inertinite 12.7 10.7 8.7 8.7 8.7 7.3 12.0 8.0 9.3 7.3 6.7 9.3 4.0 12.0 12.0
Well Preserved Sderatodast 6.0 9.3 4.0 6.0 6.0 5.3 6.7 5.3 8.7 6.7 4.0 4.0 2.7 8.0 4.7
Poortv Preserved Sderatodast 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7
Amorehous Infested Indeterminate 4.7 3.3 6.7 6.0 8.7 7.3 6.7 3.3 6.0 8.7 4.7 4.7 10.7 2.7 4.0
Amorehous Non-structured Protistodast 32.5 37.4 45.2 48.6 53.8 46.0 35.9 44.8 46.0 46.6 47.3 50.0 57.2 39.9 35.3
Dinocvsts 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
%TOM 62.8 59.3 48.1 44.7 37.5 46.7 57.4 51.9 48.0 44.7 47.3 45.3 32.1 57.4 60.7
Denradational Index (D) 186,4 .  194,? 57.7 36.4 52,6 75,8 100.0 _ 4?,9 .... 49,2 53.5 62.7 51,4 30.9 83.5 54.6
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TABLE C7 (continued). UTPC Newsom A3E (A20) maceral data.
SAMPLE NUMBER NM-61 NM-62 NM-63 NM-64 NM-65 NM-66 NM-67 NM-68 NM-69 NM-70 NM-71 NM-72 NM-73 NM-74
CORE DEPTH (FT.) 6717 6723 6726.S 6734 6740.2 6747 6750 6752.2 6755.6 6761 6770.5 6780 6790 6801
Well Preserved Phvtodast 12.7 2.7 7.3 10.0 4.0 6.7 8.7 8.7 14.7 16.7 14.0 13.3 8.0 10.0
Pooriv Preserved Phvtodast 0.3 3.3 9.3 10.0 7.3 7.3 8.7 10.7 10.0 11.3 8.0 6.0 7.3 5.3
Infested Phvtodast 0.0 0.0 0.7 0.7 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.7 0.0
Amorehous Structured Phvtodast 18.0 18.0 14.7 20.7 16.7 20.0 12.7 15.3 15.3 10.7 16.0 10.7 4.7 6.7
Amorehous Non-structured Phvtodast 3.3 3.3 2.0 5.3 4.7 2.0 1.3 2.7 2.7 1.3 2.0 2.7 3.3 2.7
Soorinite 1.3 1.3 3.3 2.7 0.0 1.3 0.7 2.0 1.3 2.0 0.7 2.0 1.3 3.3
Inertinite 10.7 6.7 7.3 7.3 6.7 8.7 6.7 12.0 11.3 11.3 8.7 12.7 10.7 14.0
Well Preserved Sderatodast 6.7 6.0 8.7 4.7 4.7 6.0 6.7 3.3 6.7 9.3 4.7 7.3 8.0 5.3
Pooriv Preserved Sderatodast 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 2.0 0.0 0.0 0.0 0.0 0.0
Amorehous Infested Indeterminate 8.0 9.3 6.7 3.3 7.3 7.3 3.3 5.3 4.7 2.7 8.7 6.0 5.3 7.3
Amorehous Non-structured Protistodast 30.0 49.4 40.0 35.3 48.6 40.7 49.1 40.0 31.3 34.7 37.2 39.3 48.7 44.1
Dinocvsts 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0 2.0 1.3
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
%TOM 62.0 41.3 53.3 61.4 44.1 52.0 46.9 54.7 64.0 62.6 54.1 54.7 44.0 47.3
Deoradational Index (D) 103.3 28.2 99.4 77.5 52.8 63.6 123.1 107.8 137.2 233.3 122.2 144.0 183.9 162.8
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TABLE C8. UTPC Newsom A3E (A20) pyrolysis data.
Sampla Cor* tehno-1 TOC 1 Tmax SI 82 S3 HI Of
Number Deoth (ft) fabric (OC) (mo HC/o rock) (ma HC/a rock) (maC02/a rock) (maHC/aO (ma C02/a0
590 NM-01 6213.0 1 2.26 451 2.60 4.72 0.40 209 17
590 NM-02 6225.0 1 1.75 446 0.84 3.06 0.31 174 18
590 NM-03 6230.0 1 1.77 447 1.75 3.61 0.42 203 23
590 NM-04 6236.0 2 2.33 445 1.66 4.59 0.41 197 17
590 NM-05 6246.0 1 1.81 446 2.26 3.50 0.44 193 24
590 NM-06 6263.0 1 1.73 448 1.93 3.45 0.43 200 25
590 NM-07 6271.0 1 2.17 448 1.93 3.97 0.45 185 20
590 NM-08 6280.5 2 1.47 450 1.60 2.27 0.42 154 28
590NM-09 6290.0 2 1.29 447 1.11 2.14 0.40 166 30
590 NM-10 6305.5 2 1.44 447 1.26 2.44 0.35 169 24
6320.0 2 1.74 447 1.29 3.01 0.36 173 20
590 NM-12 6332.0 3 1.20 446 0.90 1.85 0.41 154 34
590 NM-13 6334.0 3 0.98 449 0.91 1.54 0.32 157 32
6334.5 2 1.41 448 1.10 2.41 0.36 170 25
6338.5 2 1.53 448 1.69 2.81 0.43 184 27
6339.5 5 1.47 451 1.19 2.54 0.43 172 29
6341.0 3 1.53 449 1.22 2.48 0.39 163 25
6343.0 1 1.61 448 1.90 2.93 0.42 182 26
6350.0 1 1.56 447 1.55 2.88 0.45 185 29
590 NM-20 6363.0 1 1.67 449 2.07 3.22 0.43 193 25
590 NM-21 6375.0 1 1.61 448 2.03 2.91 0.47 180 29
590 NM-22 6380.5 3 0.82 443 1.59 1.27 0.43 156 52
590 NM-23 6387.5 2 2.30 448 1.39 4.74 0.40 206 17
590 NM-24 6392.0 2 1.21 447 0.93 2.05 0.36 169 29
590 NM-25 6403.0 1 2.10 446 2.03 4.21 0.47 200 22
590 NM-26 6413.0 1 2.11 449 2.05 4.39 0.48 209 22
6430.0 1 2.02 447 2.38 3.57 0.43 177 24
590 NM-28 6450.0 1 2.03 448 2.25 3.87 0.46 191 22
590 NM-29 6460.0 1 2.25 447 2.38 4.00 0.48 178 21
590 NM-30 6471.0 1 1.94 447 1.96 3.35 0.49 172 25
590 NM-31 6484.0 2 1.95 447 1.53 3.79 0.39 194 20
590 NM-32 6495.0 2 1.64 448 0.87 2.43 0.37 148 22
590 NM-33 6503.5 4 0.83 448 0.75 0.97 0.25 116 30
6509.0 2 1.77 446 1.64 3.09 0.40 172 22
590 NM-35 6521.0 3 1.71 449 1.29 2.67 0.40 156 23
590 NM-36 6522.7 3 1.06 446 0.63 1.07 0.30 101 28
6524.0 4 1.40 445 1.33 2.06 0.37 148 26
1590 NM-38 1 6528.5 4 0.65 44? 0,67 0.54 , .. 9,17 ..... ..... 84 ...... 26
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Appendix D
CORE DATA, LITHOSTRATIGRAPHY, AND SEQUENCE STRATIGRAPHY
The data from the UTPC Angel Peak B#37 and UTPC Newsom 
A3E (A20) cores are presented in log form in Plates 3 and 4, 
respectively (pocket). Included in this appendix are the 
surfaces that bound depositional systems tracts (see also 
Figures 10 and 11). These data and interpretations are 
shown with grain size and are plotted against core depth 
without correction to well log depth. The surfaces shown 
here are identical to those in the correlations on the well 
log cross-sections of Appendix A. The detailed lithologic 
descriptions of each core are given in Appendix B and the 
data (both from maceral analysis and programmed pyrolysis) 
is given in Appendix C.
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N e w s o m  A - 2 0  ( A - 3 E )  
S E 4 - T 2 6 N - R 8 W  
K .B . 6 8 1 2 ' T .D .  7 3 3 4 '
•
U n io n  T e x  
A n g e  
N E  2 4  ■ 
K .B . 5S
PR (HST)
RE (TST)T O C I T O  S A N D S T O N E
AG (LST)
PR (HST)
J U A N A  L O P E Z  M B R
RE (TST)
AG (LST)
P R  (H S T )
RE (TST)
AG (LST)
P R  IH S T I
R E  ( T S T )
A G  (L S T )
D C  r u c - n  P R O G R A D A T I O N A L  S T A C K I N G  
( M o l )  —  ( H I G H S T A N D  S Y S T E M S  T R A C T )
/■
D C  / T O - n  R E T R O G R A D A T IO N A L  S T A C K I N G  
U b l J  —  ( T R A N S G R E S S I V E  S Y S T E M S  T R A C T )
A f t  r i Q T I  A G G R A D A T I O N A L  S T A C K I N G  
A l s  ( L O I )  —  ( L O W S T A N D  S Y S T E M S  T R A C T )
PASLEY, MARK.A 
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A'
U n io n  T e x a s  P e t r o l e u m  C o .  
A n g e l  P e a k  B # 3 7  
N E  2 4  - T 2 8 N  • R 1 1 W  
K .B . 5 9 0 1 '  T .D .  6 3 3 0 ' APPENDIX A 
CROSS-SECTION A-A'
DATUM - FLOODING SURFACE AT BASE OF 
"SKELLY" MARKER - MANCOS SHALEGR
MARK A. PASLEY 
6/91
PLATE 2 OF 4
D A T U M
T O C I T O  S A N D S T O N E
T O C I T O  S A N D S T O N E
.B R ID G E  C R E E K  L S .  M B R .
VERTICAL SCALE IN FEET 
200 -1 VERTICAL EXAGGERATION
TOO —
HORIZONTAL SCALE IN MILES
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WELL LOG
ljtho stratig raphy CORE DATA
ORAmscs
DEPTH
NIOBRARA 
(UPPER MANCOS SHALE)
UPPER TOCITO INTERVAL
LOWER TOCITO INTERVAL
JUANA LOPEZ MEMBER
'CARULE 
(LOWER MANCOS SHALE)
DAKOTA SANDSTONE
GR (API) RILO (OHMM)
Union Texas Petroleum Comp< 
Angel Peak B#37 
NESec. 24-T28N-R 11W  
San Juan County, NM 
K.BJ>901'
SEQUENCE STRATIGRAPHY
TeM Organic Canon t
SEQUENCE BOUNDARY ? --------
H I G H S T A N D  S Y S T E M S  T R A C T
SURFACE OF MAXIMUM STARVATION _ 
(MAXIMUM FLOODING SURFACE)
T R A N S G R E S S I V E  S Y S T E M S  T R A C T
— TRANSGRESSIVE SURFACE 
SEQUENCE BOUNDARY—
H I G H S T A N D  S Y S T E M S  T R A C T
SURFACE OF MAXIMUM STARVATION 
(MAXIMUM FLOODING SURFACE)
T R A N S G R E S S I V E  S Y S T E M S  T R A C T  
TRANSGRESSIVE SURFACE
L O W S T A N D  S Y S T E M S  T R A C T
SEQUENCE BOUNDARY -
SURFACE OF MAXIMUM STARVATION 
(MAXIMUM FLOODING SURFACE) ~
T R A N S G R E S S I V E  S Y S T E M S  T R A C T
TRANSGRESSIVE SURFACE =------
L O W S T A N D  S Y S T E M S  T R A C T
B
SEQUENCE BOUNDARY-----------
SURFACE OF MAXIMUM STARVATION 
(MAXIMUM FLOODING SURFACE) '
T R A N S G R E S S I V E  S Y S T E M S  T R A C T
TRANSGRESSIVE SURFACE 
L O W S T A N D  S Y S T E M S  T R A C T
SEQUENCE BOUNDARY—
SURFACE OF MAXIMUM STARVATION 
(MAXIMUM FLOODING SURFACE) “  
TRANSGRESSIVE SURFACE -------
L O W S T A N D  S Y S T E M S  T R A C T
PASLEY, MARK,A 
9219566©1991 ;
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^
Union Texas Petroleum Company 
Angel Peak B#37 
NESec. 24-T28N-R 11W  
San Juan County, NM 
K.BJ5901'
UENCE STRATIGRAPHY PYROLYSIS DATA PETROGRAPHIC DATA
T«M Organic Canon (wi%) HyCregtn indoi tmajC) TofnttW OrpnM Haw (*»
QUENCE BOUNDARY ?
E M S  T R A C T ­
OR MAXIMUM STARVATION 
UM FLOODING SURFACE)
S Y S T E M S  T R A C T
SGRESSIVE SURFACE 
QUENCE BOUNDARY
: M S  T R A C T
OF MAXIMUM STARVATION 
UM FLOODING SURFACE)
S Y S T E M S  T R A C T
SGRESSIVE SURFACE
I M S  T R A C T
QUENCE BOUNDARY
; OF MAXIMUM STARVATION 
IUM FLOODING SURFACE)
S Y S T E M S  T R A C T  
ISGRESSIVE SURFACE =—
IM S  T R A C T
QUENCE BOUNDARY
: OF MAXIMUM STARVATION 
IUM FIOOOING SURFACE)
S Y S T E M S  T R A C T  
ISGRESSIVE SURFACE
IM S  T R A C T
’QUENCE BOUNDARY'
•OF MAXIMUM STARVATION 
IUM FLOODING SURFACE) 
ISGRESSIVE SURFACE
I M S  T R A C T
A P P E N D I X  D
L I T H O S T R A T I G R A P H Y ,
S E Q U E N C E  S T R A T I G R A P H Y ,  A N D  C O R E  D A T A
U N I O N  T E X A S  P E T R O L E U M  C O M P A N Y  
A N G E L  P E A K  B # 3 7
M A R K  A . P A S L E Y  
7 / 9 1
P L A T E  3  O F  4
SLEY, MARK,A 
19506(5)1991 ;
' '   -"Wi ...  1 j-1Hfi weMii,i «v w i w , j ii, u ’v ">
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UTHOSTRATIGRAPHY WELL LOG
QAUMAMY R£SSTIVirr
CEPTH $ & $ r ~ r  ?  ?
(Feet)
SSQO
NIOBRARA* 
(UPPER MANCOS SHALE)
UPPER TOCITO INTERVAL
LOWER TOCITO INTERVAL
UPPER CARULE* 
[LOWER MANCOS SHALE)
JUANA LOPEZ MEMBER
CARULE* 
(LOWER MANCOS SHALE)
DAKOTA SANDSTONE
P
SFUIOWU)
Union Texas Petroleum Company 
Newsom A3E (A20)
NW Sec. 4 - T26N - R8W 
San Juan County, NM 
K.B. 6812'
SEQUENCE STRATIGRAPHY
H I G H S T A N D  S Y S T E M S  T R A C T
SURFACE OF MAXIMUM STARVATION _ 
(MAXIMUM FLOODING SURFACE)
T R A N S G R E S S I V E  S Y S T E M S  T R A C T
TeUI Q t^nte Cubon (wftl
TRANSGRESSIVE SURFACE ■ 
SEQUENCE BOUNDARY ? *
H I G H S T A N D  S Y S T E M S  T R A C T
SURFACE OF MAXIMUM STARVATION r
(MAXIMUM FLOODING SURFACE) I
T R A N S G R E S S I V E  S Y S T E M S  T R A C T
TRANSGRESSIVESURFACE ■
L O W S T A N D  S Y S T E M S  T R A C T
SEQUENCE BOUNDARY—
SURFACE OF MAXIMUM STARVATION .  
(MAXIMUM FLOODING SURFACE)
T R A N S G R E S S I V E  S Y S T E M S  T R A C T B
TRANSGRESSIVE SURFACE 
L O W S T A N D  S Y S T E M S  T R A C T
SEQUENCE BOUNDARY—
PASLEY, MARK,A f 
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Union Texas Petroleum Company 
Newsom A3E (A20)
NW Sec. 4 - T26N - R8W 
San Juan County, NM 
K.B. 6812'
TeUI O^tntc Carton (wr.t
PYROLYSIS DATA
Hyflrogtfl UWoi
PETROGRAPHIC DATA
TmimUUI Orpnlc **«« t%)
N D  S Y S T E M S  T R A C T
_  SURFACE OF MAXIMUM STARVATION 
(MAXIMUM FLOODING SURFACE)
1 E S S I V E  S Y S T E M S  T R A C T
TRANSGRESSIVE SURFACE 
SEQUENCE BOUNDARY?
N D  S Y S T E M S  T R A C T
SURFACE OF MAXIMUM STARVATION___
—  (MAXIMUM FLOODING SURFACE)
R E S S 1 V E  S Y S T E M S  T R A C T
K TRANSGRESSIVE SURFACE
N D  S Y S T E M S  T R A C T
SEQUENCE BOUNDARY'
_  SURFACE OF MAXIMUM STARVATION 
(MAXIMUM FLOODING SURFACE)
R E S S I V E  S Y S T E M S  T R A C T
TRANSGRESSIVESURFACE
N D  S Y S T E M S  T R A C T
SEQUENCE BOUNDARY'
A P P E N D I X  D
L I T H O S T R A T I G R A P H Y ,
S E Q U E N C E  S T R A T I G R A P H Y ,  A N D  C O R E  D A T A
U N I O N  T E X A S  P E T R O L E U M  C O M P A N Y  
N E W S O M  A 3 E ( A 2 0 )
M A R K  A . P A S L E Y  
7 / 9 1
P L A T E  4  O F  4
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